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Example of t h e  t e c h n i q u e  o f  d a t a  p a c k i n g  u s e d  o n  t h e  raw d a t a  
t apes .  The  above  r ep resen t s  on ly  a few of t h e  30 b i t  packed 
words i n  t h e   d a t a   b a s e .  . . . . . . . . . . . . . . . . . .  
Example of  output  of a p o r t i o n  o f  t h e  t a p e  d i a g n o s t i c  p r o g r a m .  
The  t rack  number,  I D ,  s tart  time, end time, and  du ra t ion  are 
p r o v i d e d  f o r  e a c h  a i r c ra f t  t r a c k e d  by t h e  r a d a r  ( 7 4 2  A/C fo r  
t h e a b o v e   d a t a ) .  . . . . . . . . . . . . . . . . . . . . . .  
Example  of   one  scan  of   edi ted  data   f rom  radar   tapes .   The  data  
are o r g a n i z e d  i n t o  b l o c k s ,  e a c h  o f  w h i c h  are t h e  a i rc raf t  
a p p e a r i n g  i n  a r a d a r  s c a n .  . . . . . . . . . . . . . . . . .  
P l o t  of A t l a n t a  #1 d a t a  se t .  The p o s i t i o n  o f  e a c h  a i rc raf t  i n  
a scan  i s  p l o t t e d  a t  approx ima te ly  40  second  in t e rva l s  ove r  a 
t w o h o u r   p e r i o d .  . . . . . . . . . . . . . . . . . . . . . .  
P l o t  of A t l a n t a  #2 d a t a  s e t .  The   pos i t ion  of e a c h  a i r c r a f t  i n  
a scan  is p l o t t e d  a t  approximate ly  40 s e c o n d  i n t e r v a l s  o v e r  a 
t w o h o u r p e r i o d  . . . . . . . . . . . . . . . . . . . . . . .  
P l o t  o f  Miami #1 d a t a  s e t .  The p o s i t i o n  o f  e a c h  a i r c r a f t  i n  a 
scan  i s  p l o t t e d  a t  approximate ly  40 s e c o n d  i n t e r v a l s  o v e r  a 
t w o h o u r p e r i o d  . . . . . . . . . . . . . . . . . . . . . . .  
P l o t  o f  Miami #2   da ta  s e t .  The p o s i t i o n  o f  e a c h  a i rc raf t  i n  a 
scan  i s  p l o t t e d  a t  approximate ly  40 s e c o n d  i n t e r v a l s  o v e r  a 
t w o h o u r p e r i o d . .  . . . . . . . . . . . . . . . . . . . . .  
His tog ram o f  the  ave rage  pe rcen tage  o f  f ly ing  time t h a t  a 
r a n d o m l y  s e l e c t e d  a i r c r a f t  w i l l  have a t  l eas t  one  o the r  a i r  
c r a f t  w i t h i n  t h e  r a n g e  b i n s  shown a l o n g  t h e  h o r i z o n t a l  a x i s .  
No d i s c r i m i n a t i o n  is used .   A t l an ta  #1 d a t a .  - . . 
His tog ram o f  the  ave rage  pe rcen tage  o f  f ly ing  time t h a t  a 
randomly selected a i r c r a f t  w i l l  have a t  least  one  o the r  a i r  
c r a f t  w i t h i n  t h e  r a n g e  b i n s  shown a l o n g  t h e  h o r i z o n t a l  a x i s .  
No d i s c r i m i n a t i o n  is  used .   A t l an ta  #2  d a t a .  . . . . . . . .  
His tog ram o f  the  ave rage  pe rcen tage  o f  f ly ing  time t h a t  a 
r a n d o m l y  s e l e c t e d  a i r c r a f t  w i l l  have a t  least  o n e  o t h e r  a i r  
c r a f t  w i t h i n  t h e  r a n g e  b i n s  shown a l o n g  t h e  h o r i z o n t a l  a x i s .  
No d i s c r i m i n a t i o n  i s  used .  Miami #1 d a t a .  - - - . 
His togram of  the  average  percentage  of f l y i n g  time t h a t  a 
randomly  se lec ted  a i r c ra f t  w i l l  have a t  least  one  o the r  a i r  
c r a f t  w i t h i n  t h e  r a n g e  b i n s  shown a l o n g  t h e  h o r i z o n t a l  a x i s .  
No d i s c r i m i n a t i o n  is used.  Miami # 2  d a t a .  - - - . 
Average  percentage  of f l y i n g  time t h a t  a randomly  se lec ted  
a i r c ra f t  w i l l  have N o t h e r  a i rc raf t  s imul t aneous ly  d i sp layed  
w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  No 
d i s c r i m i n a t i o n  is  u s e d .   A t l a n t a  #1 d a t a .  - - - - 
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Average percentage of f l y i n g  time t h a t  a randomly  se lec ted  
a i r c ra f t  will have N o t h e r  aircraft  s imul t aneous ly  d i sp layed  
w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  No 
d i s c r i m i n a t i o n  is used .   A t l an ta   #2   da t a .  . . . . . . . . .  85 
Average  percentage  of f l y i n g  time t h a t  a randomly  se lec ted  
aircraft  w i l l  have N o t h e r  a i rcraf t  s imul t aneous ly  d i sp layed  
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Average  Pe rcen tage  o f  f ly ing  time t h a t  a randomly  se lec ted  
a i r c ra f t  w i l l  have N o t h e r  a i r c ra f t  s imul t aneous ly  d i sp layed  
w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  No 
d i s c r i m i n a t i o n  i s  used.  Miami #2 d a t a .  . . . . . . . . . .  87 
A v e r a g e  P e r c e n t  o f  f l y i n g  time t h a t  a randomly  se lec ted  a i r  
c r a f t  w i l l  have N o t h e r  a i rc raf t  d i sp layed  s imul t aneous ly  
w i t h i n  a r a n g e   v a l u e   a l o n g   t h e   h o r i z o n t a l   a x i s .   A l t i t u d e  
d i s c r i m i n a t i o n   fp l u s / m i n u s  1,000 fee t .  A t l a n t a  #1 d a t a .  . aa 
Average  percent  of f l y i n g  time t h a t  a randomly  se lec ted  a i r  
c r a f t  w i l l  have N o t h e r  a i rc raf t  d i sp layed  s imul t aneous ly  
w i t h i n  a, r a n g e   v a l u e   a l o n g   t h e   h o r i z o n t a l   a x i s .   A l t i t u d e  
d i s c r i m i n a t i o n  of plus/minus 1,000 feet .  A t l a n t a  #2 d a t a .  . 
A v e r a g e  P e r c e n t  o f  f l y i n g  time t h a t  a randomly  se lec ted  a i r  
c r a f t  w i l l  have N o t h e r  a i r c r a f t  d i s p l a y e d  s i m u l t a n e o u s l y  
w i t h i n  a r a n g e   v a l u e   a l o n g   t h e   h o r i z o n t a l   a x i s .   A l t i t u d e  
d i s c r i m i n a t i o n  of plus/minus 1,000 feet .  Miami #1 d a t a .  . .  
Average  Percent  of f l y i n g  time t h a t  a randomly  se lec ted  a i r  
c r a f t  w i l l  have N o t h e r  a i r c ra f t  d i sp layed  s imul t aneous ly  
w i t h i n  a r a n g e   v a l u e   a l o n g   t h e   h o r i z o n t a l   a x i s .   A l t i t u d e  
d i sc r imina t ion  o f  p lus /minus  1,000 f ee t .  Miami #2 d a t a .  - 
A v e r a g e  p e r c e n t  o f  f l y i n g  time t h a t  a randomly  se lec ted  a i r  
c r a f t  w i l l  have N o t h e r  a i r c ra f t  s i m u l t a n e o u s l y  d i s p l a y e d  
w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  
A l t i t u d e  d i s c r i m i n a t i o n  o f  p l u s / m i n u s  2,000 fee t .  
A t l a n t a   # l d a t a .  . . . . . . . . . . . . . . . . . . . . .  
Average  pe rcen t  o f  f l y ing  time t h a t  a randomly  se lec ted  a i r  
c r a f t  w i l l  have N o t h e r  a i rc raf t  s i m u l t a n e o u s l y  d i s p l a y e d  
w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  
A l t i t u d e  d i s c r i m i n a t i o n  of plus/minus 2,000 fee t .  
A t l a n t a   # 2   d a t a .  . . . . . . . . . . . . . . . . . . . . .  
Average  pe rcen t  o f  f l y ing  time t h a t  a randomly  se lec ted  a i r  
c r a f t  w i l l  have N o t h e r  a i r c r a f t  s i m u l t a n e o u s l y  d i s p l a y e d  
w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  
A l t i t u d e  d i s c r i m i n a t i o n  o f  p l u s / m i n u s  2,000 fee t .  
M i a m i # l d a t a .  . . . . . . . . . . . . . . . . . . . . . .  
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7 .16   Average   percent  of f l y i n g  time t h a t  a randomly   se lec ted  a i r  
c ra f t  will have N o t h e r  aircraft  s imul t aneous ly  d i sp layed  
w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  
A l t i t u d e  d i s c r i m i n a t i o n  of plus/minus 2,000 feet .  
M i a m i # 2 d a t a . .  . . . . . . . . . . . . . . . . . . . . . .  95 
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Average  pe rcen t  of f l y i n g  time t h a t  a randomly  se lec ted  a i r  
c r a f t  w i l l  have N o t h e r  a i r c r a f t  s imul t aneous ly  d i sp layed  
w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  
A l t i t u d e  d i s c r i m i n a t i o n  of plus/minus 2,500 feet .  
A t l a n t a # l   d a t a .  . . . . . . . . . . . . . . . . . . . . .  
Average  pe rcen t  o f  . f l y ing  time t h a t  a randomly  se lec ted  a i r  
c r a f t  w i l l  have N o t h e r  a i r c ra f t  s imul t aneous ly  d i sp layed  
w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  
C l o s i n g  v e l o c i t y  d i s c r i m i n a t i o n  ( V  > 0) .  A t l a n t a  #1 
d a t a .  
Average  percent  of f l y i n g  time t h a t  a randomly  se lec ted  a i r  
c r a f t  w i l l  have N o t h e r  a i r c ra f t  s imul t aneous ly  d i sp layed  
w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  
C l o s i n g  v e l o c i t y  d i s c r i m i n a t i o n  ( V  > 0 ) .  A t l a n t a  #2 
d a t a  . C 
Average  percent  of  f ly ing  time t h a t  a randomly  se lec ted  a i r  
c r a f t  w i l l  have N o t h e r  a i r c r a f t  s i m u l t a n e o u s l y  d i s p l a y e d  
w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  
C l o s i n g  v e l o c i t y  d i s c r i m i n a t i o n  ( V  >. 0).  Miami #1 
. . . . . . . . . . . . . .  F . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  
d a t a . .  . . . . . . . . . . . . .  : . . . . . . . . . . . .  
Average  Pe rcen t  o f  f l y ing  time t h a t  a randomly  se lec ted  a i r  
c r a f t  w i l l  have N o t h e r  a i r c r a f t  s imul t aneous ly  d i sp layed  
w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  
C l o s i n g  v e l o c i t y  d i s c r i m i n a t i o n  ( V  > 0) .  Miami #2 
d a t a .  C 
Average Percent  of f l y i n g  time t h a t  a randomly selected a i r  
c r a f t  w i l l  s imu l t aneous ly  obse rve  N o t h e r  a i rc raf t  wi th  
a va lue   o f   theTau  parameter  less t h a n  t h e  v a l u e  g iven  
a l o n g   t h e   h o r i z o n t a l   a x i s .  No o t h e r   d i s c r i m i n a t i o n  i s  
used .   A t l an ta  #1 d a t a .  . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average  pe rcen t  o f  f l y ing  time t h a t  a randomly  se lec ted  a i r  
c ra f t  w i l l  s imu l t aneous ly  obse rve  N o t h e r  a i r c r a f t  w i t h  
a va lue  o f  t he  Tau  pa rame te r  less t h a n  t h e  v a l u e  g i v e n  
a l o n g   t h e   h o r i z o n t a l   a x i s .  No o t h e r   d i s c r i m i n a t i o n  i s  
used .   At lan ta   #2   da ta .  . . . . . . . . . . . . . . . . . .  
Average percent  of f l y i n g  time t h a t  a randomly  se lec ted  a i r  
craf t  w i l l  s imu l t aneous ly  obse rve  N o t h e r  a i r c r a f t  w i t h  
a value of  the Tau parameter  less t h a n  t h e  v a l u e  g i v e n  
a l o n g   t h e   h o r i z o n t a l   a x i s .  No o t h e r   d i s c r i m i n a t i o n  is 
used.  Miami #1 d a t a .  - . - . . . 
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7 .25   Average   pe rcen t   o f   f l y ing  time t h a t  a randomly   se lec ted  a i r  
c ra f t  will s imul t aneous ly  obse rve  N o t h e r  a i r c ra f t  w i t h  
a va lue  of  the  'Tau  parameter  less t h a n  t h e  v a l u e  g i v e n  
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7.26  Average  Percent  of f l y i n g  time t h a t  a r andomly   s e l ec t ed  a i r  
c r a f t  w i l l  s imu l t aneous ly  obse rve  N o t h e r  a i rc raf t  wi th  
a v a l u e  of theTau  pa rame te r  less t h a n  t h e  v a l u e  g i v e n  
a l o n g   t h e   h o r i z o n t a l   a x i s .   A l t i t u d e   d i s c r i m i n a t i o n  of 
plus/minus  2 ,000 feet .  A t l a n t a  #1 d a t a .  . . . . . . . . . 
7.27  Average  Percent  of f l y i n g  time t h a t  a randomly   se lec ted  a i r  
c r a f t  w i l l  s imu l t aneous ly  obse rve  N o t h e r  a i r c ra f t  w i t h  
a va lue  o f  t heTau '  pa rame te r  less t h a n  t h e  v a l u e  g i v e n  
a l o n g   t h e   h o r i z o n t a l   a x i s .   A l t i t u d e   d i s c r i m i n a t i o n   o f  
plus/minus  2 ,000 f ee t .  A t l a n t a  #2 d a t a .  . . . . . . . . . 
7.28   Average   percent   o f   ly ing  time t h a t  a randomly   se lec ted  a i r  
c r a f t  w i l l  s imu l t aneous ly  obse rve  N o t h e r  a i r c ra f t  wi th  
a val 'ue   of   theTau  parameter  less t h a n  t h e  v a l u e  g i v e n  
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7.29   Average   Percent   o f   ly ing  time t h a t  a r andomly   s e l ec t ed  a i r  
c r a f t  w i l l  s imu l t aneous ly  obse rve  N o t h e r  a i r c r a f t  wi th  
a va lue   o f   the ' rau   parameter  less t h a n  t h e  v a l u e  g i v e n  
a l o n g   t h e   h o r i z o n t a l   a x i s .   A l t i t u d e   d i s c r i m i n a t i o n   o f  
plus/minus  2 ,000 feet .  Miami #2   da t a .  . - - - - 
7.30  Average  percent  of f l y i n g  time t h a t  a randomly   se lec ted  a i r  
c r a f t  w i l l  s imu l t aneous ly  obse rve  N o t h e r  a i r c r a f t  w i t h  
a value of  the Modif ied Tau parameter  l e s s  t h a n  t h e  
v a l u e   g i v e n   a l o n g   t h e   h o r i z o n t a l   a x i s .  No o t h e r  
d i s c r i m i n a t i o n  i s  used .   A t l an ta  #1 data. . . . . . . . . . 
7.31   Average   percent   o f   ly ing  time t h a t  a randomly   se lec ted  a i r  
c r a f t  w i l l  s imu l t aneous ly  obse rve  N o t h e r  a i r c r a f t  wi th  
a value of  the Modif ied Tau parameter  less t h a n  t h e  
v a l u e   g i v e n   a l o n g   t h e   h o r i z o n t a l   a x i s .  No o t h e r  
d i s c r i m i n a t i o n  is used .   A t l an ta  #2 d a t a .  . . . . . . . . . 
7.32   Average   percent   o f   ly ing  time t h a t  a randomly   se lec ted  a i r  
c r a f t  w i l l  s imu l t aneous ly  obse rve  N o t h e r  a i rcraf t  wi th  
a value of  the Modif ied Tau parameter  less  t h a n  t h e  
v a l u e   g i v e n   a l o n g   t h e   h o r i z o n t a l   a x i s .  No o t h e r  
d i s c r i m i n a t i o n  i s  used. Miami #1 d a t a .  . . . . . . . . . . 
7.33   Average   percent   o f   ly ing  time t h a t  a randomly   se lec ted  a i r  
c r a f t  w i l l  s imu l t aneous ly  obse rve  N o t h e r  a i rc raf t  w i t h  
a value of  the Modif ied Tau parameter  less t h a n  t h e  
v a l u e   g i v e n   a l o n g   t h e   h o r i z o n t a l   a x i s .  No o t h e r  
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7.34  Average  percent  of f l y i n g  time t h a t  a randomly   se lec ted  a i r  
c ra f t  w i l l  s i m u l t a n e o u s l y  o b s e r v e  N o t h e r  a i r c ra f t  wi th  
a value of  the Modif ied Tau parameter  less t h a n  t h e  
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7.37 Average   pe rcen t   o f   l y ing  time t h a t  a randomly   se lec ted  a i r  
c ra f t  w i l l  s imu l t aneous ly  obse rve  N o t h e r  a i r c r a f t  w i t h  
a value of  the Modif ied Tau parameter  less t h a n  t h e  
v a l u e   g i v e n   a l o n g   t h e   h o r i z o n t a l   a x i s .   A l t i t u d e  
d i sc r imina t ion   o f   p lus /minus  2,000 f e e t .  Miami #2 
d a t a . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
11.3 
114 
115 
116 
xiii 

ALT = a l t i t u d e  
Az = az imuth   angle   f rom  radar  re la t ive t o   n o r t h  
Bi(Rk) 
= number o f  r a d a r  s c a n s  f o r  w h i c h  t h e  r a n g e  t o  t h e  c l o s e s t  
a i r c r a f t  is less than  r ange  9 s  
C = c o n s t a n t   d e f i n e d   i n   F i g u r e  2.4 
= number of r a d a r  s c a n s  i n  w h i c h  a i r c r a f t  i appears  
Fi(Rk) = func t ion   o f  % defined  by  eq.  4.1 
G = a c c e l e r a t i o n  of g r a v i t y  
N = number  of a i r c r a f t  
R = r e l a t i v e  r a n g e  
R = r e l a t i v e  r a n g e  r a t e  ( c l o s i n g  v e l o c i t y )  .. 
R = r e l a t i v e   r a n g e   a c c e l e r a t i o n  
Ri( t )  = r a n g e   t o   c l o s e s t  a i rc raf t  r e l a t i v e   t o   a i r c r a f t  i 
Rk 
RO 
= s e l e c t e d   c o n s t a n t   v a l u e  of r e l a t i v e  r a n g e  
= magnitude of m i s s  d i s t a n c e  
- 
r = re lat ive r a n g e   v e c t o r  
r = m i s s  d i s t a n c e   v e c t o r  
U = a c c e l e r a t i o n   p a r a m e t e r  
V = m a g n i t u d e   o f   r e l a t i v e   v e l o c i t y  
- 
0 
vC 
= r e l a t i v e   c l o s i n g   v e l o c i t y  
V n = normal   ve loc i ty   magni tude  
'nk = s e l e c t e d  c o n s t a n t  v a l u e  of no rma l   ve loc i ty  (V ) magnitude 
V = v e l o c i t y   v e c t o r  
T = t r u e  time t o  c l o s e s t  a p p r o a c h  f o r  n o n - a c c e l e r a t e d  f l i g h t  
t = t i m e  v a r i a b l e  
n 
- 
T = Tau parameter  ( t i m e  t o   c l o s e s t   a p p r o a c h   f o r  n o n - a c c e l e r a t i n g  
c o l l i s i o n  c o u r s e )  
T k = s e l e c t e d   c o n s t a n t   v a l u e  of  Tau (T) parameter  
T = modified  tau  parameter m 
mk T = selected constant value of modified tau ( T ~ )  parameter 
X, Y, Z = rectangular  coordinate  designation 
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1.0 INTRODUCTION AND SUMMARY 
A Cockpi t  Disp lay  of  Traf f ic  Informat ion  (CDTI) is a c o c k p i t  
i n s t rumen t  wh ich  p rov ides  in fo rma t ion  to  the  aircrew on the  relative 
l o c a t i o n  o f  a i r c r a f t  t r a f f i c  i n  t h e  v i c i n i t y  o f  t h e i r  a i r c r a f t  ( o w n s h i p ) .  
I n  a d d i t i o n ,  t h e  CDTI may p rov ide  in fo rma t ion  to  assist i n  n a v i g a t i o n  a n d  
i n  a i r c r a f t  c o n t r o l .  It is u s u a l l y  a n t i c i p a t e d  t h a t  t h e  CDTI w i l l  be  
i n t e g r a t e d  w i t h  a h o r i z o n t a l  s i t u a t i o n  i n d i c a t o r  u s e d  f o r  n a v i g a t i o n a l  
purposes  and/or  wi th  a w e a t h e r  r a d a r  d i s p l a y .  
I n  o r d e r  t o  p r o p e r l y  e v a l u a t e  a n d  d e v e l o p  p r e l i m i n a r y  d e s i g n s  of 
t h e  CDTI, i t  is n e c e s s a r y  t o  d e t e r m i n e  t h e  c r i t e r i a  t o  b e  u s e d  f o r  s e l e c t i n g  
t a r g e t s  f o r  d i s p l a y  a n d  t h e  e f f e c t  of v a r i o u s  t a r g e t  s e l e c t i o n  c r i t e r i a  on 
t h e  number  of a i r c r a f t  t o  b e  d i s p l a y e d .  A i r b o r n e  e q u i p m e n t ,  as w e l l  as t h e  
d a t a  l i n k  t o  t h e  C D T I ,  w i l l  be  s t rongly  impacted  by the peak and average 
number o f  t a r g e t s  t o  b e  d i s p l a y e d  on t h e  i n s t r u m e n t .  
Many o f  t h e  t e c h n i c a l  i s s u e s  a s s o c i a t e d  w i t h  t h e  CDTI concept depend 
s t r o n g l y  on t h e   t a r g e t   s e l e c t i o n   c r i t e r i a   u s e d .   F o r   e x a m p l e ,   t h e   w o r k l o a d  
a s soc ia t ed  wi th  mon i to r ing  the  C D T I  w i l l  b e  d i r e c t l y  a f f e c t e d  b y  t h e  t a r g e t  
s e l e c t i o n  c r i t e r i a  u s e d .  To minimize  workload, i t  wou ld  be  des i r ab le  to  
u s e  n a r r o w  s e l e c t i o n  c r i t e r i a  t o  e l i m i n a t e  t h o s e  a i r c r a f t  w i t h  w h i c h  t h e  
a i r c rew of  ownship  would  not  normally  be  concerned.  However,   the  selection 
cr i ter ia  cannot be made s o  na r row tha t  t he  a i r c rew cou ld  no t  de t ec t  an  ATC 
sys t em e r ro r  shou ld  i t  occur .  
P r e v i o u s  e f f o r t s  a s s o c i a t e d  w i t h  a i r b o r n e  c o l l i s i o n - h a z a r d  w a r n i n g  
techniques  are u s e f u l  i n  d e f i n i n g  c r i t e r i a  to   be   eva lua ted .   The  cri teria 
u s e d  f o r  CDTI ,  however, are somewhat d i f f e r e n t  f r o m  t h o s e  u s e d  i n  c o l l i s i o n  
a v o i d a n c e  s t u d i e s  i n  t h a t  t h e  c o l l i s i o n  a v o i d a n c e  cri teria are concerned 
w i t h  p r e d i c t i n g  i n t e r s e c t i o n s  of f l i g h t  p a t h s  w h e r e a s  t h e  CDTI c r i t e r i a  are  
broader .   For  CDTI,  a n  a i r c r a f t  may be  o f  i n t e re s t  even  though  i t  does  not  
p r e s e n t  a hazard .  
Col l i s ion  avo idance  t echn iques  can  be  used ,  however ,  by  r ede f in ing  the  
h a z a r d  r e g i o n  t o  encompass a much l a r g e r  volume  around  the  ownship.   For  
e x a m p l e ,  t h e  M o d i f i e d  T a u  c r i t e r i o n  u s e d  i n  c o l l i s i o n  a v o i d a n c e  i s  based  on  the  
fo l lowing  ph i losophy :  one  cons ide r s  any  a i rcraf t  a hazard  i f  i t  is  p o s s i b l e  fo r  
t h e  aircraft  i n v o l v e d  t o  c o l l i d e  w i t h i n  a d e s i g n a t e d  time i f  e a c h  a i r c ra f t  makes 
t h e  worst p o s s i b l e  m a n e u v e r .  T h i s  c r i t e r i o n  c a n  b e  m o d i f i e d  t o  a p p l y  t o  CDTI by 
making t h e  time much l a r g e r  t h a n  i s  u s u a l l y  c o n s i d e r e d  i n  c o l l i s i o n  a v o i d a n c e  
systems.  
T a r g e t  s e l e c t i o n  c r i t e r i a  e v a l u a t e d  i n  t h i s  s t u d y  i n c l u d e  t h e  M o d i f i e d  
Tau c r i t e r i a ,  t ime- to -c loses t - approach   (Tau) ,   a l t i t ude   bands ,   r ange   on ly ,   and  
c l o s i n g   v e l o c i t y .   T h e   a p p r o a c h   i n i t i a l l y   u s e d  t o  e v a l u a t e  t h e s e  c r i t e r i a  was t o  
g e n e r a t e  a d a t a  b a s e  u s i n g  t h e  NASA/RTI t e r m i n a l  area a i r  t r a f f i c  model (TAATM). 
T h i s  model was used t o  g e n e r a t e  a r e p r e s e n t a t i v e  a i r c r a f t  t r a f f i c  s a m p l e  f o r  
s t a t i s t i c a l  a n a l y s i s  of t h e  t a r g e t  s e l e c t i o n  cr i ter ia .  I n   a d d i t i o n ,   a c t u a l  
r a d a r  (ARTS 111) t r a f f i c  d a t a  were ob ta ined  f rom the  At l an ta  and  Miami t e r m i n a l  
areas f o r  e v a l u a t i o n .  T h e s e  r a d a r  d a t a  t a p e s  were r e d u c e d  a n d  e d i t e d  t o  t h e  
same format  a s  t h e  s i m u l a t e d  d a t a  a n d  a n a l y z e d  u s i n g  t h e  same s t a t i s t i c a l  ana ly-  
sis program as u s e d  f o r  t h e  s i m u l a t e d  d a t a .  I n  g e n e r a l ,  r e s u l t s  f r o m  t h e  a c t u a l  
d a t a   c o m p a r e d   f a v o r a b l y   w i t h   r e s u l t s   f r o m   t h e   s i m u l a t e d   d a t a .   T h e   s i m u l a t e d  
da ta ,  however ,  was somewhat more o r d e r e d  a n d  m o r e  c l o s e l y  c o n t r o l l e d  t h a n  t h e  
a c t u a l  d a t a ,  as may be seen by examining s t a t i s t i c a l  d i s t r i b u t i o n s  o f  t h e  
a v e r a g e  r a n g e  t o  t h e  c l o s e s t  a i rc raf t  from ownship (Figs  5.1 and 7 .1  - 7 . 4 ) .  
T h e  m a j o r  r e s u l t s  o f  t h e  s t u d y  are g i v e n  i n  S e c t i o n  5.0 ( s i m u l a t e d  d a t a )  
and 7.0 ( r a d a r   d a t a ) .  P l o t s  are g iven   showing   t he   ave rage   pe rcen t  of f l y i n g  
time ( o r  p r o b a b i l i t y )  t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  i n  t h e  t e r m i n a l  area 
w i t h  a CDTI will d i s p l a y  a g i v e n  number o f  o t h e r  a i r c ra f t  s i m u l t a n e o u s l y  f o r  a 
g i v e n  r a n g e  s e t t i n g .  P l o t s  are p r o v i d e d   f o r  a l l  o f  t h e  d i s c r i m i n a t i o n  c r i t e r i a  
i n v e s t i g a t e d .  
A s  a n  e x a m p l e  o f  t h e  t y p e  o f  r e s u l t s  f o u n d  i n  S e c t i o n  5.0, Table  1.1 
shows t h e  number o f  a i r c ra f t  d i s p l a y e d  f o r  a 10 n. m i .  r a n g e  s e t t i n g  o n  t h e  CDTI 
a n d   f o r   v a r i o u s   d i s c r i m i n a t i o n  c r i t e r i a .  The   numbers   represent   averages   t aken  
ove r  each  a i r c ra f t  i n  t h e  p o p u l a t i o n  u s i n g  t h e  a n a l y t i c a l  t e c h n i q u e s  d e s c r i b e d  
i n  S e c t i o n  4.0. As may b e  s e e n  f r o m  t h i s  e x a m p l e  t a b l e ,  p r o p e r  s e l e c t i o n  of 
2 
d i s c r i m i n a t i o n  t e c h n i q u e s  c a n  c o n s i d e r a b l y  r e d u c e  t h e  number o f  a i r c r a f t  d i s -  
p l a y e d  a n d  h e n c e  r e d u c e  t h e  a t t e n t i o n  t h a t  m u s t  b e  g i v e n  t h e  d i s p l a y  by t h e  
crew. P lus   o r   minus  1,000 f o o t  a l t i t u d e  d i s c r i m i n a t i o n  e f f e c t i v e l y  r e d u c e s  t h e  
maximum number of a i r c r a f t   d i s p l a y e d   f r o m  B l O  t o  ~ 6 .  The  Tau  and  Modified 
Tau d i s c r i m i n a t i o n  cr i ter ia  have  the  advantage  of  reducing  the  number of  air- 
c r a f t  d i s p l a y e d  more o r  l e s s  i n d e p e n d e n t l y  o f  t h e  r a n g e  s e t t i n g  o n  t h e  d i s p l a y .  
Using a Tau cri teria o f  7 < 120 secs., t h e  maximum number o f  a i rc raf t  d i s p l a y e d  
a t  t h i s  r a n g e  s e t t i n g  would be reduced t o  t h r e e  a n d  t h e  maximum o f  two a i r c r a f t  
would  be  displayed = l o %  o f  t h e  f l y i n g  time i n  t h e  t e r m i n a l  area. 
TABLE 1.1 
No. o f  A i r c r a f t  D i s p l a y e d  f o r  10 n.mi. 
Range S e t t i n g  o n  CDTI (Simulated Data)  
D i sc r imina t ion  
Criteria 
Range  Only 
Plus/minus 2,000 f t  a l t  
Plus/minus 1,000 f t  a l t  
C los ing  Vel > 0 
Tau < 240 secs 
T a u <  180 secs 
Tau < 120 secs 
Mod Tau < 120 secs 
Mod Tau < 60 secs 
Max. No. o f  
A i r c r a f t  
>10 
9 
6 
10 
5 
5 
3 
>5 
6 
10% of 
F ly ing  Time 
10 
5 
4 
7 
4 
3 
2 
> 5  
4 
50% of  
F ly ing  Time 
3 
Examples of t h e  r e s u l t s  o b t a i n e d  f r o m  t h e  r a d a r  t r a f f i c  t a p e s  are shown 
i n  T a b l e s  1 .2  ( A t l a n t a  #1) and 1 . 3  (Miami #1). T h e s e  t a b l e s  are similar t o  
t a b l e  1.1 i n  t h a t  t h e y  show t h e  c a l c u l a t e d  number of a i rcraf t  t h a t  would be 
d i sp layed  on  a CDTI u s i n g - a  10 n.  m i .  r a n g e  s e t t i n g  u n d e r  t h e  c o n d i t i o n s  f o u n d  
i n  t h e  d a t a .  Numbers are provided  showing  the maximum a i rc raf t  d i s p l a y e d ,   t h e  
number d i sp layed  approx ima te ly  10% of t h e  f l y i n g  time a n d  t h e  number d i s p l a y e d  
approximate ly  50% of t h e  f l y i n g  time,. o n  t h e  a v e r a g e .  T a b l e s  f o r  o t h e r  CDTI 
r a n g e s  c a n  b e  c o n s t r u c t e d  u s i n g  t h e  d a t a  i n  s e c t i o n s  5.0 and 7.0. 
A major conclus ion , tha t  can  be  drawn from t h e  d a t a  p r o v i d e d  i n  t h i s  
r e p o r t  i s  t h a t  i n  h i g h  d e n s i t y  t e r m i n a l  areas ,a i rcraf t  equipped with a CDTI w i t h  
r a n g e  s e t t i n g  o n  t h e  o r d e r  o f  8-10 n.mi. w i l l  n o t  o b s e r v e  more than  10 t a r g e t s  o n  
t h e  d i s p l a y  fo r  a n y  l e n g t h  of time, e v e n  w i t h  n o  d i s c r i m i n a t i o n .  W i t h  a l t i t u d e  
d i s c r i m i n a t i o n  o f  +/- 2000 f t . ,  t h e  number o f  t a r g e t s  d i s p l a y e d  w i l l  r a r e l y  
exceed 5, a n d  f o r  o v e r  50% of t h e  time w i l l  be  on  the  order  'o f  1 or  2.  
C l o s i n g  v e l o c i t y  d i s c r i m i n a t i o n  a p p e a r s  t o  have no clear advan tages  ove r  
a l t i t u d e  d i s c r i m i n a t i o n  e x c e p t  f o r  t h o s e  cases where r e l a t i v e  a l t i t u d e  
i n f o r m a t i o n  may n o t   b e   a v a i l a b l e   ( e . g .   l a c k   o f  Mode C t r a n s p o n d e r ) .  I n  t h i s  
case, c l o s i n g  v e l o c i t y  d i s c r i m i n a t i o n  c o u l d  r e d u c e  c l u t t e r  d u e  t o  unwanted 
t a r g e t s .  
Use o f  t h e  T a u  o r  M o d i f i e d  T a u  c r i t e r i o n  t o  p rov ide  a h a z a r d  o r  a t t e n -  
t i o n  alarm i n  c o n j u n c t i o n  w i t h  a CDTI c o u l d  l e a d  t o  a s e v e r e  f a l s e  a n d  m u l t i p l e  
alarm s i t u a t i o n  u n l e s s  t h e  alarm t h r e s h o l d  is  se t  a t  small values  of  Tau (<60 
secs. ) o r  M.odifi'ed  Tau (<25 secs.) . Even w i t h  t h e s e  s e t t i n g s ,  t h e  d a t a  i n d i c a t e  
t h a t  alarms w i l l  occu r  f r equen t ly .  
T h e  f o l l o w i n g  s e c t i o n  d i s c u s s e s  t h e  g e n e r a t i o n  o f  t h e  s t i m u l a t e d  d a t a  
base   f rom  the  TAATM mode.1. S e c t i o n  4 d i s c u s s e s  t h e  t e c h n i q u e s  f o r  s t a t i s t i c a l  
a n a l y s i s  o f  t h e  t a r g e t  s e l e c t i o n  c r i t e r i a  and  Sec t ion  5 g i v e s  t h e  r e s u l t s  from 
t h e  e v a l u a t i o n  o f  t h e  c r i t e r i a  u s i n g  t h e  s i m u l a t e d  d a t a  b a s e .  S e c t i o n  6 
d i s c u s s e s  t h e  ARTS r a d a r  d a t a  b a s e  a n d  s e c t i o n  7 g i v e s  t h e  r e s u l t s  of t h e  
e v a l u a t i o n  u s i n g  t h e  f o u r  r a d a r  t r a f f i c  t a p e s  f r o m  t h e  Miami and  At l an ta  termi- 
n a l  areas. 
4 
D i s c r i m i n a t i o n  
Criteria 
TABLE 1.2 
No. of Aircraft Displayed fo r  10 n.rni. 
Range S e t t i n g  o n  CDTI ( A t l .  #1 r a d a r  d a t a )  
__- 
Range  Only 
Plus/minus 2,000 f t  a l t  
Plus/minus 1,000 f t  a l t  
C l o s i n g  Vel > 0 
Tau <240 secs* 
Tau <180 secss? 
Tau <120 secs* 
Mod Tau <120 secs* 
Mod Tau <60 sets* 
Max. No. o f  10% of 50% of 
Aircraft F l y i n g  Time F l y i n g  Time 
>10 
7 
4 
10 
>10 
9 
5 
>10 
7 
7 
3 
2 
4 
6 
4 
2 
>10 
3 
2 
<1 
<1 
2 
2 
2 
<1 
5 
<1 
*See n o t e  a t  bottcan of Table  1.3 (next  page)  
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D i s c r i m i n a t i o n  
C r i t e r i a  
Range  Only 
Plus/minus 2,000 f t  a l t .  
Plus/minus 1,000 f t  a l t .  
C l o s i n g  v e l o c i t y  > 0 
Tau <240 secs* 
Tau <180 secs+$ 
Tau <120 secs" 
Mod Tau <I20 secs" 
Mod Tau <60 secs't 
.Table  1 . 3  
No. of Aircraft Displayed Tor 10 n.mi. 
Range S e t t i n g  o n  CDTI (Miami # 1 Data) 
Max No. of 
Aircraft 
>10 
>10 
9 
>10 
>10 
>10 
9 
>IO 
10 
10% of 
F l y i n g  Time 
10 
6 
3 
6 
8 
5 
3 
10 
4 
50% of 
F l y i n g  Time 
3 
1 
<I 
2 
3 
2 
1 
7 
1 
"Note: These  numbers are  f o r  l o n g  ( ~ 5 0  n .  m i . )  CDTI r a n g e  s e t t i n g s  
i n s t e a d  of a 10 n. m i .  s e t t i n g .  Tau d i s c r i m i n a t e s  are n o t  a s t r o n g  f u n c t i o n  
o f  r a n g e  b u t  o b v i o u s l y  u s e  o f  t h i s  p a r a m e t e r  c o u l d  n o t  r e s u l t  i n  a d i s p l a y  of 
more a i r c ra f t  than  the  " range  only"  numbers .  
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2.0 TARGET SELECTION CRITERIA 
2.1.  Genera l   Discuss ion  
, A t a r g e t  s e l e c t i o n  c r i t e r i o n ,  u s u a l l y  e x p r e s s e d  as a mathematical  
r e l a t i o n s h i p  b e t w e e n  m e a s u r a b l e  parameters, is a means by which a i r c r a f t  
which are n o t  of i n t e r e s t  t o  t h e  crew can  be  e l imina ted  f rom the  d i sp lay .  
Wi th  p rope r  s e l ec t ion  cri teria,  t h e  c l u t t e r  o n  t h e  CDTI can be reduced and 
crew a t t e n t i o n  r e q u i r e d  i n  m o n i t o r i n g  t h e  d i s p l a y  m i n i m i z e d .  To minimize 
t h e  a i r c r a f t  o n  t h e  d i s p l a y ,  c e r t a i n  " f i l t e r i n g "  p a r a m e t e r s  c a n  b e  u s e d  t o  
e l i m i n a t e  t h o s e  a i r c r a f t  w h i c h  may n o t  b e  of i n t e r e s t .  F o r  e x a m p l e ,  t h e  
f i l t e r i n g  parameters c a n  b e  u s e d  t o  e l i m i n a t e  a i r c r a f t  w h i c h  are no t  cons ide red  
h a z a r d o u s  t o  t h e  o w n s h i p ,  w i t h  t h e  h a z a r d  d e f i n e d  i n  d i f f e r e n t  w a y s .  
To d e f i n e  a h a z a r d o u s  a i r c r a f t ,  i t  is d e s i r a b l e  t o  know f i r s t  of a l l  i f -  
t h e  two a i r c r a f t  i n v o l v e d  c o u l d  p o s s i b l y  c o l l i d e  o r  b e  i n v o l v e d  i n  a near-miss 
s i t u a t i o n .  I n  a d d i t i o n ,  t o  b e  u s e f u l ,  t h e  h a z a r d  i n d i c a t o r  m u s t  b e  m e a s u r a b l e  
w i t h  e x i s t i n g  d a t a  a v a i l a b l e  i n  t h e  o w n s h i p .  U s u a l l y  a measure  or   range,  
a l t i t u d e  and r ange  rate can  be  used  to  de f ine  a p o t e n t i a l l y  h a z a r d o u s  a i rc raf t  
and a l s o  p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  s u c h  as the urgency of t he  haza rd .  
The t a r g e t  s e l e c t i o n  cr i ter ia  t h a t  h a v e  b e e n  i n v e s t i g a t e d  i n c l u d e :  
1. Display  a l l  a i r c r a f t  w i t h i n  a g i v e n   r a n g e   ( n o   f i l t e r i n g   o f  
non-haza rdous  a i r c ra f t )  . 
2. Disp lay  a l l  a i r c r a f t   w i t h i n   s e l e c t e d   a l t i t u d e   b a n d s .  
3. D i s p l a y   o n l y   a i r c r a f t   w i t h  a p o s i t i v e   c l o s i n g   v e l o c i t y .  
4 .  D i s p l a y   o n l y   a i r c r a f t   w i t h  a time t o   c l o s e s t   a p p r o a c h  less 
than  a s e l e c t e d  t i m e  (Tau f i l t e r i n g ) .  
5. D i s p l a y   o n l y   a i r c r a f t   w i t h  a s e l e c t e d  time t o   c l o s e s t   a p p r o a c h  
modi f ied  wi th  a r a n g e   c r i t e r i a  (;f od i f i ed  Tau) .  
F i l t e r i n g  p a r a m e t e r s  u s e d  i n  i n v e s t i g a t i n g  t h e  a b o v e  cr i ter ia  are d i scussed  
i n  t h e  f o l l o w i n g .  
2.2. A l t i t u d e  D i s c r i m i n a t i o n  
I n  u s i n g  a l t i t u d e  d i s c r i m i n a t i o n  f o r  t a r g e t  s e l e c t i o n ,  o n l y  a i r c r a f t  
w i t h i n  a g iven  a l t i t ude  band  abou t  t he  ownsh ip  are d i sp layed  on t h e  CDTI .  
Th i s  d i sc r imina t ion  t echn ique  is expressed  mathemat ica l ly  as: 
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Where: Ah = Measured a l t i t u d e   d i f f e r e n c e   b e t w e e n   o w n s h i p  
a n d  t a r g e t  a i r c r a f t  ( f t )  
K = S e l e c t e d   c o n s t a n t   ( f t )  
2 .3   Clos ing   Veloc i ty   Discr imina t ion  
I n  u s i n g  t h i s  d i s c r i m i n a t i o n  t e c h n i q u e ,  o n l y  a i r c r a f t  w i t h  a p o s i t i v e  
c l o s i n g   v e l o c i t y   ( c o n v e r g i n g   a i r c r a f t )  are i n c l u d e d   o n   t h e   d i s p l a y .   T h i s  
t echn ique  r equ i r e s  de r iva t ion  o f  re la t ive range-rate  between the ownship 
and t a r g e t  a i r c r a f t .  The m a t h e m a t i c a l   e x p r e s s i o n   f o r   t h i s   d i s c r i m i n a t i o n  
technique  i s  : 
Where : R = Rela t ive   r ange - ra t e   be tween   ownsh ip   and   t a rge t   (k t s )  
2 .4  Time-to-Closest-Approach  Discrimination (TAU) 
The TAU cr i ter ia  is b a s e d  o n  t h e  a s s u m p t i o n  o f  s t r a i g h t  l i n e  f l i g h t  p a t h s  
fo r   bo th   t he   ownsh ip  and t a r g e t  a i r c r a f t .  F i g u r e  2 . 1  shows  an  encounter 
s i t u a t i o n  b e t w e e n  two u n a c c e l e r a t e d  a i r c r a f t .  The p o s i t i o n  o f  t h e  p r o t e c t e d  
and i n t r u d i n g  a i rc raf t  are t h e   p o i n t s  P1 and P r e s p e c t i v e l y .  The d o t t e d  
a i r c r a f t  r e p r e s e n t  t h e  p o s i t i o n s  a t  some t i m e  la ter  a t  which time t h e  a i r c r a f t  
are a t  t h e i r  p o i n t  of c l o s e s t   a p p r o a c h .  v and v2 are v e l o c i t y  v e c t o r s  f o r  t h e  
a i r c r a f t  and r r e p r e s e n t s   t h e  re la t ive r a n g e   v e c t o r .   T h e   r e l a t i v e   v e l o c i t y  - 
v2 is rep resen ted  by t h e  v e c t o r  v. The p r o j e c t e d  miss d i s t ance ,   a s suming  
n o n a c c e l e r a t i n g  f l i g h t ,  w i l l  b e  t h e  q u a n t i t y  r . It can  be  seen  f rom the  f igu re  
t h a t ,  f o r  c l o s i n g  f l i g h t  p a t h s ,  
2’ 
- - 
1 
1 - 
0 
R 2 = R  2 - (VT), 2 ( 2 . 3 )  
0 
w h e r e   I r ( t ) l  = R, = R , = V ,  and T is the   t ime- to-c loses t   approach .  
The p r o j e c t e d  m i s s  d i s t a n c e  (R ) c a n  b e  w r i t t e n  i n  terms of t h e  re la t ive 
0 
0 
8 
MISS 
/ 
/ \ 
2 v 2  
Figure   2 .1 .   Two-a i r c ra f t   geomet ry   fo r   unacce le ra t ed   f l i gh t .  
Here T i s  t h e  p r o j e c t e d  miss d i s t a n c e  a n d  h a s  
a magnitude from the e q u a t i o n  shown.  The  geometry 
has  been chosen such that  range rate is p o s i t i v e  
f o r  d e c r e a s i n g  r a n g e ,  a n d  r a n g e  a c c e l e r a t i o n  is 
p o s i t i v e  f o r  d e c r e a s i n g  r a n g e  ra te .  
0 
9 
range and i ts  d e r i v a t i v e s  by  not ing  that  R and V are c o n s t a n t s ,  d i f f e r -  
e n t i a t i n g  R twice i n  E q u a t i o n  2 . 3  a n d  s u b s t i t u t i n g  f o r  T and V t o  o b t a i n :  
0 
2 -  R3 R Ro - .. 
R R -I- R2' 
Simi la r ly ,  t he  t ime- to -c loses t - approach  (T) is obta ined  f rom Equat ion  2.3 
a n d  t h e  d e r i v a t i v e s  of range  as: 
R k  
R R + i 2  
T = .. 
N o t e  t h a t  f o r  a t r u e  c o l l i s i o n  c o u r s e ,  R = 0 and Equation 2.5 is reduced  to  
4 0  
T = R / 6  ( 2 . 6 )  
Where T (TAU) i s  t h e   t i m e - t o - c o l l i s i o n .  
The TAU d i s c r i m i n a t i o n  u s e d  f o r  t a r g e t  s e l e c t i o n  i s  t h e r e f o r e  d e f i n e d  
as : 
R/R I -rCk (2.7) 
bhere -rk is  a s e l e c t e d  c o n s t a n t  ( s e c s ) .  
2.5 Modified TAU Disc r imina t ion  
A r e a l i s t i c  h a z a r d  i n d i c a t i n g  c r i t e r i o n  i s  d e v e l o p e d  i n  r e f e r e n c e  ( 1 )  
t h a t  i s  i n t u i t i v e l y  a p p e a l i n g .  T h i s  c r i t e r i o n  is based on t h e   f o l l o w i n g  
phi losophy:  one c o n s i d e r s  a n y  a i r c r a f t  a h a z a r d  i f  i t  i s  p o s s i b l e  f o r  t h e  
a i r c r a f t s . i n v o l v e d   t o   c o l l i d e   w i t h i n  a des igna ted  time T i f   e a c h   a i r c r a f t  
makes t h e  w o r s t  D o s s i b l e  m a n e u v e r .  S i n c e  a i r c r a f t  m a n e u v e r s  h a v e  d e f i n i t e  
mk 
a c c e l e r a t i o n  limits, a n  a c c e l e r a t i o n  c o n s t r a i n t  c a n  b e  u s e d  t o  d e f i n e  a set 
of poss ib le  maneuvers .  
It  can  be  shown t h a t  t h e  set of a l l  a i r c r a f t  t h a t  c a n  r e a c h  a p r o t e c t e d  
c r a f t ' s  p o s i t i o n  i n  a time less t h a n  a g iven  time T us ing  a r e l a t i v e  
a c c e l e r a t i o n  no g r e a t e r  t h a n  a g i v e n  a c c e l e r a t i o n  U, have  va lues  of re la t ive 
range  (R) , c l o s i n g   v e l o c i t y  (6 )  and  normal   ve loc i ty  (V ) w h i c h   s a t i s f y  
t h e  e q u a t i o n  
mk ' 
n 
(R - + V: t2 = U 2 4  t / 4  
1 0  
f o r  some t between 0 and T The  hazard  volume i n   t h e  R ,  R. V s p a c e   d e f i n e d  
by  Equation  2.8 is  shown i n  F i g u r e  2.2. From t h e  f i g u r e ,  i t  can  be  seen  that  
p o i n t s  w i t h i n  the volume w i l l  a l s o  b e  c o n t a i n e d  i n  a volume defined by: 
mk' n 
2 
R - R T ~ ~ <  - UTmk 2 
which   uses   range  (R) and   range  rate (R) only.   The cr i ter ia  g i v e n  by 
Equat ion  2.9 t h u s  p r o v i d e s  an approx ima t ion  to  the reg ion  de f ined  by  Equa t ion  
2 . 8 ,  a n d  l e a d s  t o  a h a z a r d  c r i t e r i o n  d e s i g n a t e d  as the "Modif ied Tau" c r i t e r i o n ,  
w i t h  a hazard  def ined  by  T~ < T~~ where 
-i + ( i 2  i- 2UR) 112 
T =  m U 
(2.  l o )  
T and U are s e l e c t e d   c o n s t a n t s   ( N o t e :   I n   t h i s   s t u d y  U = 1 / 4  g ) .  mk 
2.6 The  Hazard  Region  Concept 
T h e  d i s c r i m i n a t i o n  a f f o r d e d  b y  t h e  s e l e c t i o n  cr i ter ia  d iscussed  above  can  
b e  v i s u a l i z e d  g r a p h i c a l l y  by p l o t t i n g  t h e  s e l e c t i o n  r e g i o n  o n  a range-range 
ra te  p lo t .  Fo r  example ,  F igu re  2 .3  shows t h e  s e l e c t i o n  r e g i o n  i n  t h e  r a n g e -  
range  rate p l a n e  d e f i n e d  b y  t h e  Tau d i s c r i m i n a t i o n  c r i te r ia .  
F i g u r e  2.4 shows t h e  s e l e c t i o n  r e g i o n  d e f i n e d  by the  Modi f i ed  Tau cr i ter ia .  
A s  may b e  s e e n ,  t h e  M o d i f i e d  Tau c r i t e r i a  would select  t a r g e t s  w i t h  z e r o  c l o s i n g  
v e l o c i t y ,  b u t  w h i c h  are w i t h i n  a r ange  de f ined  by t h e  s e l e c t e d  c o n s t a n t s .  T h u s ,  
t h i s  c r i t e r i o n  is u s e f u l  f o r  para l le l  a p p r o a c h e s  i n  t h a t  a i r c r a f t  would  be 
d i sp layed  on  a p a r a l l e l ,  n o n - c l o s i n g  t r a j e c t o r y .  
I t  s h o u l d  b e  n o t e d  t h a t  i n  t h e  r a n g e - r a n g e  ra te  p l a n e ,  a n y  p o t e n t i a l l y  
haza rdous  t r a j ec to ry  be tween  two a i r c r a f t  m u s t  f o l l o w  a l i n e  i n  t h e  u p p e r  l e f t -  
hand  quadrant   of   the   range-range rate p l o t .  A hazardous re la t ive t r a j e c t o r y  
moves  from r i g h t  t o  l e f t  i n  t h i s  q u a d r a n t .  
11 
d xact r e g i o n  d e f i n e d  by eq. 2.8 
R/U (SEC) 
‘“rnk 
2 Vnk = - 
R e g i o n   p l o t t e d   f o r  T = 25 sec. mk 
Figure  2.2.   Hazard  volume  defined by eq .   2 .8 .   Approximat ions   to   the  
volume given by eqs.  2.9  and  2.10 are a l s o  shown. 
(From r e f e r e n c e  (1) ) 
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0 1 2 3 4 5 
Range (Naut ical  Miles) 
Figure 2.3.  Hazard  region in  the  r ange ,  r ange  ra te  p lane  def ined  by t h e  
Tau criteria (R& < T ~ ) .  
1.3 
E 
H 
V 
0 
I4 w 
3 
H cn 
0 
I4 
V 
NORMALIZED RANGE R/Urmk2 
F igure  2 .4 .Haza rd  r eg ion  in  the  r ange ,  r ange  r a t e  p l a n e  d e f i n e d  by 
the   mod i f i ed   t au  c r i t e r i a .  N o t e   t h a t   t h e   r e g i o n  i s  a l s o  
de f ined  by  (R-C) /i < T~~ where C - Urmk/2. 2 
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3.0 DATA BASE 
The R T I /  NASA Terminal  Area A i r  T r a f f i c  Model (TAATM) w a s  u sed  to  
g e n e r a t e  r e p r e s e n t a t i v e  a i r c r a f t  t r a f f i c  s a m p l e s  f o r  s ta t is t ical  a n a l y s i s .  
TAATM is a f l e x i b l e  s i m u l a t i o n  of t he  a i rbo rne ,  g round  con t ro l  and  
communicat ion aspects  of t h e  terminal area which i s ,  w i t h  i n p u t  d a t a  
c h a n g e s ,  a d a p t a b l e  t o  e x i s t i n g  t e r m i n a l  areas and which can be and is 
being expanded to  inco rpora t e  advanced  concep t s  of i n s t r u m e n t a t i o n  and 
c o n t r o l .  The a i r b o r n e  aspects mode l l ed   i nc lude   a i r c ra f t   dynamics ,  
p e r f o r m a n c e  c a p a b i l i t i e s  o f  t w e n t y  d i f f e r e n t  c l a s s e s  of a i r c r a f t ,  t r a f f i c  
samples  depending  on  both  des i red  opera t ions  per  hour  and  probabi l i t i es  of 
a i r c r a f t  t y p e s  a n d  r o u t e  l o a d i n g s ,  a i r c r a f t  l o a d  f a c t o r s ,  i n t e n d e d  f l i g h t  
p l a n s ,  f l i g h t  p a t h  e r r o r s ,  and me teo ro log ica l   e f f ec t s .   The   g round   con t ro l  
a s p e c t s  i n c l u d e  c o n t r o l  p r o c e d u r e s  ( b o t h  c u r r e n t  a i r  t r a f f i c  c o n t r o l  
procedures   and   advanced   cont ro l   t echniques) ,   cont ro l   op t ions   (e .g . ,   speed  
c o n t r o l ,  a l t e r n a t e  p a t h s ,  a l t i t u d e  c h a n g e ,  h o l d i n g  p a t t e r n s ) ,  s e p a r a t i o n  
s t a n d a r d s  n a v i g a t i o n a l  a i d s ,  t e r m i n a l  area g e o m e t r i c s ,  a i r - r o u t e  s t r u c t u r i n g ,  
runway h a n d l i n g   c o n s t r a i n t s  and s u r v e i l l a n c e  e r r o r s .  The  communication 
a spec t s  r e f l ec t  con t ro l l e r  t o  p i lo t  communica t ion  and  inc lude  message  con ten t ,  
d e l a y s  a s s o c i a t e d  w i t h  t h e  a c t u a l  d e l i v e r y  of a message ,  de l ays  a s soc ia t ed  
w i t h  c o n t r o l l e r  w o r k  l o a d  a n d  p r i o r i t y  d e l i v e r y  of messages.  
The TAATM model ,  which can be run in  both a r ea l - t ime  o r  a f a s t - t i m e  
mode, o u t p u t s  o v e r a l l  p e r f o r m a n c e  m e a s u r e s  f o r  t r a d e - o f f  e v a l u a t i o n  of 
v a r i o u s  n a v i g a t i o n a l  and c o n t r o l  t e c h n i q u e s ,  as they  re la te  t o  t h e  t e r m i n a l  
environment as a who le .   In   add i t ion ,   t he   r ea l - t ime  mode o f f e r s  a v i s u a l  
and audio environment  for  a r e a l i s t i c  real-time s i m u l a t i o n  of t r a f f i c  i n  
t h e  t e r m i n a l  area and is capab le  of provid ing  au tomat ic  gu idance  informat ion  
t o  p i l o t e d  s i m u l a t e d  a i r c r a f t .  T h e  o v e r a l l  TAATM model is composed o f  t h ree  
i n d e p e n d e n t  u n i t s ,  i n c l u d i n g  a t r a f f i c  g e n e r a t i o n  p r o g r a m ,  t h e  t e r m i n a l  area 
s i m u l a t i o n ,  and pos t -ana lys i s   rou t ines .   These   p rograms are d e s c r i b e d  i n  r e f e r e n c e s  
2 and  3. A t y p i c a l  TAATM d i s p l a y   o f   t r a f f i c  i s  shown i n   F i g u r e   3 . 1 .  
TAATM w a s  c o n f i g u r e d  t o  r e p r e s e n t  t h e  A t l a n t a  t e r m i n a l  area under 
p re sen t -day  ope ra t ing  cond i t ions .  A 2-hour  s imula ted  da ta  base  w a s  genera ted  
p r o v i d i n g  t h e  f o l l o w i n g  t r a f f i c  f o r  a n a l y s i s :  
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TERMINAL AREA SIMULATION 
Terminal : 
Simula ted  Time P e r i o d  : 
T r a f f i c  Mix : 
Scheduled Operat ion Rate: 
Average  F l igh t  T ime ,  Arrivals: 
Average  F l ight  Time,  Depar tures :  
Average T i m e  Between Touchdowns: 
Average T i m e  Between  Departures : 
Average Departure Delay: 
Average Arrival Delay: 
Ac tua l  Arrivals : 
Actua l  Depa r tu re s :  
At lan ta  
2 Hours 
70/30  Arr iva l /Depar ture  Ratio 
Approx.  70  Ops/Hour 
25.25 Min. 
11.24 Min. 
72.24 Secs. 
157.12 Secs.  
26 Min. 
2.6 Min. 
99 
51 
Figure 3.2 shows a p l o t  of t h e  a i r c r a f t  t r a f f i c  w i t h  t h e  p o s i t i o n  of 
e a c h  a i r c r a f t  p l o t t e d  a t  i n t e r v a l s  of   approximately 40 seconds .   Th i s   p lo t  
may be  compared w i t h  similar p l o t s  f r o m  a c t u a l  r a d a r  d a t a  t a p e s  i n  F i g s  6 . 3  
through 6.7.  
1 7  
F i g u r e  3 . 2  P l o t  of i n i t i a l   d a t a  s e t  gene ra t ed   f rom TAATM. The p o s i t i o n  
o f  t h e  a i r c r a f t  i n  t h e  d a t a  se t  are p l o t t e d  a t  approximate ly  
40 s e c o n d  i n t e r v a l s .  
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4.0 ANALYSIS OF TRAFFIC DATA 
4.1. General  Technique 
T e c h n i q u e s  f o r  a n a l y s i s  of t r a f f i c  d a t a  are g i v e n  i n  r e f e r e n c e  
4 ,  To i l l u s t r a t e  t h e  t e c h n i q u e s  i n v o l v e d ,  c o n s i d e r  t h e  e s t i m a t i o n  of a 
s ta t i s t ic  such  as ' ' t he  ave rage  pe rcen tage  of f l y i n g  time t h a t  a randomly 
s e l e c t e d  a i r c r a f t  w i l l  f i n d  o n e  o r  m o r e  a i r c r a f t  w i t h i n  a given range."  
L e t  R . ( t )  d e n o t e  t h e  r a n g e  o f  t h e  c l o s e s  a i r c r a f t  r e l a t i v e  t o  a 
p a r t i c u l a r  a i r c r a f t  i. F i g u r e  4.1 shows a h y p o t h e t i c a l   p l o t  of a sample 
R .  ( t )   f u n c t i o n .  
1 
1 
I TOTAL RECORDED FLYING I 
ts" TIME OF AIRCRAFT i 4 
0 I I c 
TIME (t) 
F i g u r e  4.1.  H y p o t h e t i c a l   p l o t  of a sample   func t ion .  
R i ( t )  is t h e  r a n g e  t o  t h e  c l o s e s t  a i r c r a f t  r e l a t i v e  t o  
a i r c r a f t  i. 
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The f r a c t i o n  o f  t h e  f l y i n g  time o f  a i r c r a f t  i t h a t  R . ( t )  is less t h a n  a 
s e l e c t e d  c o n s t a n t  v a l u e ,  %, is  then  g iven  by:  
1 
where C i s  t h e  number o f   r a d a r   s c a n s   i n   w h i c h  aircraft  i appears   and 
Bi (q) i s  t h e  number  of r ada r  s cans  fo r  wh ich  R . ( t )  is less than  %. 
i 
1 
I n  F i g u r e  4 . 1  a s p e c i f i c  R of 3 miles is &own and t h e  f u n c t i o n  Bi(3) i 
is given  by  the  sum o f  the  times des igna ted  as T T2,  and T3 i n  t h e  f i g u r e .  
To r e t a i n  t h e  l a r g e s t  amoun t  o f  i n fo rma t ion  in  the  ca l cu la t ions ,  t he  numer i ca l  
th reshold   (e .   g .  % i n  t h i s  example) i s  cons idered  a p a r a m e t e r   a n d   d i s t r i -  
b u t i o n s  are formed as a f u n c t i o n  o f  t h e  v a l u e  o f  t h e  p a r a m e t e r .  
1, 
Under t h e  a s s u m p t i o n  t h a t  R .  ( t )  i s  a s t a t i o n a r y  p r o c e s s ,  Fi(E$) provides  
1 
an estimate of t h e  p r o b a b i l i t y  t h a t  a i r c r a f t  i w i l l  h a v e  a n o t h e r  a i r c r a f t  
w i t h i n  a range  E$ a t  a n y  p a r t i c u l a r  i n s t a n t  o f  time d u r i n g  t h e  f l i g h t  time 
of a i r c r a f t  i. 
Consider ing a l l  a i r c r a f t  i n  t h e  d a t a  b a s e ,  a we igh ted  ave rage  ( i . e .y  
con t r ibu t ion  o f  ave rage  is p r o p o r t i o n a l  t o  s a m p l e  s i z e )  o v e r  a l l  a i r c r a f t  
provides  an unbiased estimate o f  t h e  p r o b a b i l i t y  t h a t  a randomly chosen 
a i r c r a f t  i w i l l  f i n d   a n o t h e r   w i t h i n  a range  of  %. T h i s   c a l c u l a t i o n  is: 
P r ( R i ( t )  < %) = - .  f 1 n i=1 n 
i-1 
c c, 
a 
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where n is  t h e  number o f  a i r c r a f t  a n d  t h e  w e i g h t i n g  f a c t o r  is: 
ci f l y i n g   t i m e   o f   a r c r a f t  i 
1 n .  , a v e r a g e   f l y i n g  time ( 4 . 3 )  
n c c i  
i=1 
of a l l  a i r c r a f t  
Equat ion  4 . 2  a l s o  r e p r e s e n t s  t h e  a v e r a g e  ( w e i g h t e d )  f r a c t i o n  of f l y i n g  time 
fo r  wh ich  R .  ( t )  < % f o r  a l l  a i r c r a f t  i n  t h e  d a t a  b a s e .  
1 
I n  a n  e x a c t l y  a n a l o g o u s  m a n n e r ,  t h e  c a l c u l a t i o n  c a n  b e  made f o r  t h e  
k t h   c l o s e s t   a i r c r a f t   t o   a i r c r a f t  i, o r   f o r   t h e   o t h e r   t a r g e t   s e l e c t i o n  
c r i te r ia  of i n t e r e s t .  
T h e  a b o v e  p r o b a b i l i t y  c a l c u l a t i o n s  r e q u i r e  s l i g h t  m o d i f i c a t i o n  i n  t h e  
d e r i v a t i o n  i n  case t h e  sample f u n c t i o n  d o e s  n o t  e x i s t  o v e r  a p o r t i o n  of t h e  
f l y i n g  time of a i r c r a f t  i ( e . g . ,   o n l y   o n e   a i r c r a f t   i n   t h e   d a t a ) .   I n   a n y  
case,   however ,   the  end r e s u l t  g i v e n  by Equat ion 4.2 is still  v a l i d .  The 
d e r i v a t i o n  i s  m o d i f i e d  b y  c o n s i d e r a t i o n  o f  t h e  c o n d i t i o n a l  p r o b a b i l i t y  f i r s t ,  
o r   t h e   p r o b a b i l i t y   t h a t   a i r c r a f t  i w i l l  h a v e   a n o t h e r   a i r c r a f t   w i t h i n   r a n g e  
% g i v e n   t h a t  a t  leas t  two a i r c r a f t  are i n  t h e  d a t a .  The cond i t ion   on   t he  
p r o b a b i l i t y   t h a t   a n o t h e r   a i r c r a f t  is i n  t h e  d a t a  w i t h  a i r c r a f t  i, g i v i n g  
t h e  same n u m e r i c a l  r e s u l t  as is g iven  by Equat ion 4.2 .  
4 . 2  Computer  Programs. 
An e x i s t i n g  TAATM s t a t i s t i c a l  a n a l y s i s  p r o g r a m  w a s  m o d i f i e d  t o  p r o v i d e  
t h e  s t a t i s t i c s  n e c e s s a r y  f o r  t h e  CDTI t a r g e t  s e l e c t i o n  cr i ter ia  e v a l u a t i o n .  
The a n a l y s i s  p r o g r a m  o p e r a t e s  on t h e  TAATM d a t a  o u t p u t  i n  t h e  f o r m  of 
a i r c r a f t  p o s i t i o n s  and v e l o c i t i e s  g i v e n  a t  f o u r  s e c o n d  i n t e r v a l s  t h r o u g h o u t  
t h e  d u r a t i o n  of t h e  d a t a  r u n .  I n  a d d i t i o n ,  i n p u t s  are p r o v i d e d  t o  d e s i g n a t e  
t h e  f i l t e r i n g  p a r a m e t e r  t o  b e  u s e d  as w e l l  as o ther  supplementary  informat ion .  
Ou tpu t s  o f  t he  ana lys i s  p rogram inc lude  the  fo l lowing :  
1. D e p a r t u r e   e n t r y  time, d e l e t i o n  time, and f l i g h t  time. 
2. Histogram  of time between  entr ies   and  take-off   queue.  
3 .  His tog ram  o f   ac tua l  t i m e  be tween  depar tures   ( seconds) .  
2 1  
4 .  
5. 
6 .  
7. 
8 .  
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17 .  
Histogram of imposed delay i n  take-off  queue (seconds) .  
Histogram of  t i m e  be tween  success ive  depa r tu re s  f rom the  
t e r m i n a l  area (seconds) .  
H i s t o g r a m  o f  a c t u a l  f l i g h t  time i n  t e r m i n a l  area f o r  
depa r tu re s  (minu tes )  . 
H i s t o g r a m  o f  t o t a l  time i n  terminal area f o r  d e p a r t u r e s  
(minutes) . 
L i s t i n g  o f  a r r i v a l  e n t r y  time, d e l e t i o n  time and f l i g h t  time. 
Histogram of time between entries i n  the en rou te  queue  fo r  
arrivals (seconds) .  
His togram of  ac tua l  t i m e  between arrivals (seconds) .  
Histogram of  proposed delay i n  en rou te  queue  fo r  arrivals 
(seconds) .  
Histogram of time between successive touchdowns (seconds) .  
H i s t o g r a m  o f  a c t u a l  f l i g h t  time i n  t e r m i n a l  area f o r  arr ivals  
(minu tes ) .  
H i s t o g r a m  o f  t o t a l  time i n  t e r m i n a l  area f o r  arrivals (minutes) .  
Histograms of relative r a n g e  b e t w e e n  a i r c r a f t  ( f o r  1 through 5 
o r  5 th rough 10 a i r c r a f t ) .  
Histograms of Tau. 
H i s  togram of Modified Tau. 
I n  a d d i t i o n  t o  t h e  h i s t o g r a m  l i s t i n g s  a b o v e ,  t h e  c o m p u t e r  p r o g r a m  h a s  
been  mod i f i ed  to  p rov ide  p lo t s  o f  t he  r e l a t ive  r ange ,  Tau ,  and  Modi f i ed  Tau 
h is tograms.  
Supplementary plot t ing programs were d e v e l o p e d  t o  make p l o t s  of  percentage 
of f l y i n g  time v e r s u s  r a n g e  f o r  v a r i o u s  f i l t e r i n g  parameters. Examples  of 
output from the computer programs are g i v e n  i n  t h e  f o l l o w i n g  s e c t i o n .  
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5.0 EVALUATION OF SELECTION CRITERIA 
5.1. Targe ts  Disp layed  wi th  No Disc r imina t ion .  
From t h e  a n a l y s i s  of t h e  s i m u l a t e d  d a t a  as d i s c u s s e d  i n  t h e  p r e c e d i n g  
s e c t i o n ,  i t  i s  p o s s i b l e  t o  d e s c r i b e  s t a t i s t i c a l l y  t h e  number  of t a r g e t s  
t h a t  w i l l - b e  s e e n  on a CDTI w i t h  any v a l u e  of range  se t t ing .  For  example ,  
F igu re  5 .1  shows a p r o b a b i l i t y  d i s t r i b u t i o n  ( h i s t o g r a m )  o f  t h e  p r o b a b i l i t y  
t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  f r o m  t h e  d a t a  b a s e  w i l l  have a t  least  
o n e  o t h e r  a i r c r a f t  w i t h i n  t h e  r a n g e  b i n s  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  
T h i s  p r o b a b i l i t y  is e q u i v a l e n t  t o  t h e  p e r c e n t a g e  of t o t a l  f l y i n g  time i n  
t h e  t e r m i n a l  area t h a t  t h e  s e l e c t e d  a i r c r a f t  w i l l  f i n d  a t  least o n e  o t h e r  
a i r c r a f t  w i t h i n  t h e  r a n g e  b i n s  p l o t t e d .  T h u s ,  t h e  ver t ical  scale i s  
l a b e l e d  i n  p e r c e n t a g e  o f  f l y i n g  time i n s t e a d  of p r o b a b i l i t y .  
Figure 5.2 shows a c u m u l a t i v e  d i s t r i b u t i o n  o f  t h e  p r o b a b i l i t y  o f  f i n d i n g  
a t  l eas t  o n e  a i r c r a f t  w i t h i n  t h e  r a n g e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  A s  
an  example of i n t e r p r e t i n g  t h e  c u m u l a t i v e  p l o t ,  i t  c a n  b e  s e e n  t h a t  t h e  
ave rage  pe rcen t  o f  f l y ing  t i m e  t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  f o u n d  a t  
least  o n e  o t h e r  a i r c r a f t  w i t h i n  a 5 n a u t i c a l  mile range  w a s  60%. A g a i n ,  t h i s  
is t h e  same as t h e  p r o b a b i l i t y  t h a t  a t  a n y  i n s t a n t  o f  time, a randomly  se lec ted  
a i rcraf t  would have a t  least  o n e  o t h e r  a i r c r a f t  w i t h i n  t h a t  r a n g e .  
S i m i l a r  h i s tograms have  been  made f o r  up t o  1 0  s i m u l t a n e o u s  a i r c r a f t  
w i t h i n   r a n g e .   F i g u r e  5.3 shows t h e  s i t u a t i o n  f o r  5 s i m u l t a n e o u s  a i r c r a f t  
w i t h i n  a r a n g e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  F i g u r e  5.4 i s  t h e  
co r re spond ing  cumula t ive  p robab i l i t y  p lo t  fo r  5 s imul taneous  a i r c ra f t  w i t h i n  
a g iven  range .  As  may be  seen  f rom Figure  5 . 4 ,  a r a n d o m l y  s e l e c t e d  a i r c r a f t  
w i l l  have 5 s i m u l t a n e o u s  a i r c r a f t  w i t h i n  a 1 0  n a u t i c a l  m i l e  r ange  fo r  approx ima te ly  
50% of t h e  f l y i n g  time i n  t h e  t e r m i n a l  area. 
The h i s t o g r a m  d a t a  f o r  t h e  p r o b a b i l i t y  of observing from 1 t o  10 a i r c r a f t  
are summarized i n  F i g u r e  5.5.  T h i s  p l o t  g i v e s  t h e  a v e r a g e  p e r c e n t  of f l y i n g  
t i m e  t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  w i l l  have from 1 t o  1 0  a i r c r a f t  
d i s p l a y e d  w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  axis. T h i s  p l o t  
assumes n o  d i s c r i m i n a t i o n  is u s e d  i n  t h e  CDTI.  
5.2. D i s p l a y s   w i t h   A l t i t u d e   D i s c r i m i n a t i o n .  
F i g u r e  5 . 6  s u m m a r i z e s  t h e  e f f e c t  o f  u s i n g  a l t i t u d e  d i s c r i m i n a t i o n  w i t h  a 
p lus   o r   minus   1 ,000- foo t   a l t i t ude   band  as t h e  d i s c r i m i n a t e .  T h a t  is, only  
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a i r c r a f t  are d i s p l a y e d  w i t h i n  t h e  s l a n t  r a n g e  g i v e n  o n  t h e  p l o t  a n d  w i t h i n  
an  a l t i tude  band of  p lus  or  minus  1 ,000  fee t  o f  the  ownship  are counted.  
By c o m p a r i s o n  w i t h  F i g u r e  5 . 5 ,  t h e  e f f e c t i v e n e s s  o f  a l t i t u d e  d i s c r i m i n a t i o n  
may be  seen .  
Figure 5.7 i s  a similar p l o t  e x c e p t  f o r  a n  a l t i t u d e  b a n d  o f  p l u s  o r  
minus 2,000 f ee t  abou t  t he  ownsh ip .  
F igu res  5.8 t h r o u g h  5 . 1 4  p r e s e n t  t h e  e f f e c t  o f  a l t i t u d e  d i s c r i m i n a t i o n  
i n  a d i f f e r e n t  form. I n  t h e s e  p l o t s ,  t h e  CDTI  r a n g e  s e t t i n g  i s  f i x e d  a n d  t h e  
p l o t  p r o v i d e s  t h e  p r o b a b i l i t y  of observing a g iven  number  of a i r c r a f t  w i t h i n  
t h e  g i v e n  r a n g e  w i t h  t h e  number  of a i r c r a f t  p l o t t e d  a l o n g  t h e  h o r i z o n t a l  a x i s .  
The a l t i t u d e  d i s c r i m i n a t i o n  of p lus  or  minus  1 ,000  fee t  and  p lus  or  minus  
2 , 0 0 0  f e e t  is  compared  wi th  the  da t a  wi th  no  d i sc r imina t ion .  These  cu rves  
show c l e a r l y  t h e  e f f e c t i v e n e s s  of a l t i t u d e  d i s c r i m i n a t i o n  i n  r e d u c i n g  t h e  
number  of t a r g e t s  t h a t  w o u l d  b e  d i s p l a y e d  w i t h  a g i v e n  r a n g e  s e t t i n g .  F o r  
example ,  w i th  p lus  o r  minus  2 ,000  f ee t  a l t i t ude  d i sc r imina t ion ,  no  more  than  
9 a i r c r a f t  a p p e a r e d  w i t h i n  a 10-mile  range a t  any  one t i m e .  With t h e  p l u s  o r  
minus  1 ,000-foot  a l t i tude  band d iscr imina t lon ,  no  more  than  6 a i r c r a f t  a p p e a r e d  
w i t h i n  a 10-mile  range s imultaneously.  
5 .3 .  Clos ing  Veloc i ty  Discr imina t ion .  
A s  d i s c u s s e d  i n  S e c t i o n  4 . 0 ,  e l i m i n a t i n g  t h o s e  a i r c r a f t  t h a t  are  n o t  
c l o s i n g  on the ownship can provide a u s e f u l  a n d  e a s i l y  i m p l e m e n t e d  d i s c r i m i n a t e .  
F i g u r e  5 . 1 5  s h o w s  t h e  c u m u l a t i v e  p r o b a b i l i t y  p l o t s  f o r  t h e  d a t a  se t  count ing  
o n l y   c l o s i n g   a i r c r a f t   ( c l o s i n g   v e l o c i t y   g r e a t e r   t h a n   z e r o ) .   F i g u r e s   5 . 1 6  
through 5 .22  provide  compar isons  of  the  average  percent  of  f ly ing  time t h a t  a 
g iven  number o f  a i r c r a f t  w i l l  be  found  wi th in  a g i v e n  r a n g e  f o r  r a n g e  v a l u e s  
from 5 t o  25 n a u t i c a l  miles. A s  i n  t h e  a l t i t u d e  p l o t s ,  e a c h  p l o t  p r o v i d e s  a 
compar i son  o f  t he  da t a  wi th  no  add i t iona l  d i sc r imina t ion  and  wi th  the  da t a  us ing  
c l o s i n g  v e l o c i t y  d i s c r i m i n a t i o n .  
C l o s i n g  v e l o c i t y  f i l t e r i n g  a p p e a r s  t o  b e  more e f f e c t i v e  a t  l a r g e r  r a n g e  
s c a l e  s e t t i n g s  and f o r  l a r g e r  number  of a i r c r a f t  w i t h i n  t h e  g i v e n  r a n g e .  T h a t  is ,  
f o r  a r a n g e  s e t t i n g  of 5 n a u t i c a l  miles, the  ave rage  pe rcen t  of f l y i n g  t i m e  t h a t  
o n e  a i r c r a f t  w i l l  b e  w i t h i n  r a n g e  i s  rechced  approximate ly  33% w i t h  c l o s i n g  
v e l o c i t y  f i l t e r i n g ,  w h e r e a s  t h e  a v e r a g e  p e r c e n t  of f l y i n g  t i m e  t h a t  6 a i r c r a f t  
w i l l  b e  w i t h i n  1 2  n a u t i c a l  miles i s  reduced over  50%. 
C o m p a r i s o n  o f  t h e  c l o s i n g  v e l o c i t y  d i s c r i m i n a t i o n  w i t h  a l t i t u d e  d i s c r i m i -  
n a t i o n  i n d i c a t e s  t h a t  i n  a l m o s t  a l l  cases, p lus  o r  minus  2 ,000- foo t  a l t i t ude  
24 
d i s c r i m i n a t i o n  is more e f f e c t i v e  t h a n  c l o s i n g  v e l o c i t y  d i s c r i m i n a t i o n .  
This  may be  seen  by  examin ing ,  fo r  example ,  t he  r ange  = 10 n. m i .  p l o t s  
(Figures  5 .10 and 5.18). 
5.4. Time-to-Closest-Approach Discrimination. 
Data r u n s  were made us ing  the  co l l i s ion-avoidance  parameter  Tau  as a 
d i s c r i m i n a t e  w i t h  v a l u e s  of  240,  180,  and  120  seconds. A s  may be  expec ted ,  
t h i s  d i s c r i m i n a t e  w a s  v e r y  e f f e c t i v e  i n  r e d u c i n g  t h e  number  of a i r c r a f t  
d i sp l ayed  a t  a n y  g i v e n  r a n g e  s e t t i n g .  
F igu res  5 .23  th rough  5 .25  summar ize  the  cumula t ive  p robab i l i t y  d i s t r i -  
b u t i o n s  f o r  1, 3 and 5 a i r c r a f t  d i s p l a y e d  a n d  w i t h  v a r i o u s  v a l u e s  o f  t i m e - t o -  
c l o s e s t - a p p r o a c h  d i s c r i m i n a t i o n .  N o t i c e  t h a t  t h e  Tau d i s c r i m i n a t e  t e n d s  t o  
keep   the  number  of a i r c r a f t  d i s p l a y e d  c o n s t a n t  r e g a r d l e s s  o f  t h e  r a n g e  
s e t t i n g  on the   d i sp l ay .   Fo r   example ,   t he .pe rcen tage   cu rves   fo r   r ange  = 10 are 
similar t o  t h e  p e r c e n t a g e  c u r v e s  f o r  r a n g e  = 25.  This is to  be  expec ted  because  
of t h e  n a t u r e  of t h e  Tau parameter  as d i s c u s s e d  i n  S e c t i o n 2  . 
Figures  5 .26 through 5.32 compare the effect iveness  of  the Tau d i s c r i m i n a t e  
w i t h  t h e  c a s e  w i t h  n o  d i s c r i m i n a t i o n  f o r  v a r i o u s  CDTI r a n g e  s e t t i n g s .  The 
t e n d e n c y  f o r  t h e  number o f  a i r c r a f t  d i s p l a y e d  u s i n g  t h i s  d i s c r i m i n a t e  t o  r e m a i n  
c o n s t a n t  r e g a r d l e s s  o f  t h e  r a n g e  s e t t i n g  i s  c l e a r l y  e v i d e n t  i n  t h e s e  p l o t s .  
5.5. Modified Time-to-Closest-Approach Discrimination. 
Runs similar t o  t h o s e  d e s c r i b e d  i n  S e c t i o n  5 . 4  were run  us ing  the  Modi f i ed  
Tau d i s c r i m i n a t e  w i t h  v a l u e s  of 180, 120,  and 60 seconds.  The  allowed 
a c c e l e r a t i o n  parameter w a s  112 G .  R e s u l t s  f o r  M o d i f i e d  Tau < 120 were e s s e n t i a l l y  
t h e  same as t h o s e  f o r  M o d i f i e d  Tau < 180, hence are n o t  p l o t t e d .  
Figures 5.33 and 5.34 show t h e  c u m u l a t i v e  p r o b a b i l i t y  d i s t r i b u t i o n s  f o r  t h e  
case of 1, 3 and 5 a i r c r a f t  and w i t h  two v a l u e s  of  Modif ied Tau discr iminat ion.  
The Modified Tau pa rame te r  t ends  to  keep  the  number  of a i r c r a f t  d i s p l a y e d  
c o n s t a n t  r e g a r d l e s s  o f  t h e  r a n g e  s e t t i n g  as i n  t h e  case o f  t h e  Tau parameter  
discussed  above.  However, f o r  e q u i v a l e n t  number o f   s e c o n d s ,   m o r e   a i r c r a f t  w i l l  
be  d isp layed  us ing  Modif ied  Tau t h a n  were d isp layed  us ing  Tau .  This  is t o  b e  
expected because the Modif ied Tau parameter allows more area c o v e r a g e  i n  t h e  
range-range r a t e  p l a n e  (see F igure  2 .4 ) .  
F igures  5 .41through 5 .42  show t h e  e f f e c t i v e n e s s  of the  Modif ied  Tau 
d i s c r i m i n a t e  f o r  v a r i o u s  CDTI r a n g e  s e t t i n g s .  
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Figure501  His tog ram o f  the  ave rage  pe rcen tage  of f l y i n g  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  
w i l l  have a t  least  o n e  o t h e r  a i r c r a f t  w i t h i n  t h e  r a n g e  b i n s  shown a l o n g  t h e  h o r i z o n t a l  
a x i s .  No d i s c r i m i n a t i o n  i s  used. 
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Figure 5 . 2 .  His togram  p lo t   for   condi t ions  shown above  (no  f i l t e r ing )  
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Figure 5.3. Histogram plot for  conditions shown above (no filtering). 
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Figure 5 . 4 ,  Histogram plot for  conditions shown above (no  filtering). 
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Figure5.5 Average percent of flying time that a randomly se lected  a ircraf t  w i l l  have 
N other aircraft simultaneously displayed within a range value given along 
the  horizontal axis. No discrimination is used. 
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Figure5.6Average percent  of f l y i n g  time t h a t  a randomly s e l e c t e d  a i r c r a f t  w i l l  have N o t h e r  
a i r c ra f t  d i sp l ayed  s imul t aneous ly  wi th in  a range  va lue  a long  the  hor izonta l  axis. 
A l t i t u d e  d i s c r i m i n a t i o n  of + 1 ,000  f ee t .  - 
n 5 i o  15 20 30 
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Figure5 .7Average  pe rcen t  o f  f l y ing  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  w i l l  have N o t h e r  
a i r c r a f t  s i m u l t a n e o u s l y  d i s p l a y e d  w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  
a x i s .  A l t i t u d e  d i s c r i m i n a t i o n  of -b 2,000 f e e t .  
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Figure 5.8. Average  percentage of f l y i n g  time i n  the  te rmina l  area vs. number 
of a i r c ra f t  obse rved  wi th in  a range of 5 n.  m i .  Curves are given 
f o r  a l l  a l t i t u d e s ,  +lo00 f t .  a l t i t u d e ,  and +2000 f t .  a l t i t u d e .  - 
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Figure  5.9. Average  percentage  of   f lying time i n  t h e  t e r m i n a l  area vs. number 
of a i r c r a f t  o b s e r v e d  w i t h i n  a range of  8 n.  m i .  Curves are g iven  
f o r  a l l  a l t i t u d e s ,  - +lo00 f t .  a l t i t u d e ,   a n d  - +2000 f t .   a l t i t u d e .  
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Figure 5.10. Average percentage of flying time i n  t h e  t e r m i n a l  area vs. number 
of a i rc raf t  observed  wi th in  a range of 10 n. m i .  Curves are given 
f o r  all a l t i t u d e s ,  +lo00 f t .  a l t i t u d e ,  and +2000 f t .  a l t i t u d e .  - - 
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Figure  5.11.  Average  percentage of f l y i n g  t i m e  i n  t h e  t e r m i n a l  a r e a  vs. number 
of a i r c r a f t  o b s e r v e d  w i t h i n  a range of 1 2  n.  m i .  Curves are g iven  
f o r   a l l   a l t i t u d e s ,  - +lo00 f t .   a l t i t u d e ,  and - +2000 f t .   a l t i t u d e .  
NUMBER OF RIRCRRFT N I T H I N  GIVEN RRNGE 
Figure 5.12.  Average  percentage of f l y i n g  time i n  t h e  t e r m i n a l  area vs. number 
of a i rcraf t  observed within a range of 15 n. m i .  Curves are given 
f o r  a l l  a l t i t u d e s ,  +lo00 f t .  a l t i t u d e ,  a n d  +2000 f t .  a l t i t u d e .  - 
NUMBER OF RIRCRWFT WITHIN  GIVEN RRNGE ' 
Figure  5.13. Average  percentage of f l y i n g  time i n  t h e  t e r m i n a l  area vs .  number 
of a i r c r a f t  o b s e r v e d  w i t h i n  a range of 20 n. m i .  Curves are g iven  
f o r  a l l  a l t i t u d e s ,  - +lo00 f t .   a l t i t u d e ,  and - +2000 f t .   a l t i t u d e .  
NUMBER OF FIIRCRFIFT WITHIN GIVEN RRNGE 
Figure 5.14.  Average  percentage of f ly ing  time i n  t h e  t e r m i n a l  area vs. number 
of a i r c r a f t  observed within a range of 25 n. m i .  Curves are given 
f o r  a l l  a l t i t u d e s ,  - +lo00 f t .   a l t i t u d e ,  and - +2000 f t .   a l t i t u d e .  
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Figure  5 .15Average  percent  of  f ly ing  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  w i l l  have N o t h e r  
a i r c r a f t  s i m u l t a n e o u s l y  d i s p l a y e d  w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  axis. 
C l o s i n g   v e l o c i t y   d i s c r i m i n a t i o n  (V > 0) .  
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Figure  5.16. Average percent of f l y i n g  time t h a t  a given number of a i r c r a f t  w i l l  be found 
wi th in  a range of 5 n a u t i c a l  miles wi th  no f i l t e r i n g  and with closing 
v e l o c i t y  f i l t e r i n g .  
c3 z 
‘LL 
0 
I- z 
w 
u 
01 
w n. 
70 - 
60 - 
5q - 
40 - 
30 - 
20” 
10 
0 
- 
0 I 2 3. 5 6 7 8 9 i o  
NUMBER OF RIRCRRFT NITHIN GIVEN RRNGE 
RQNGE=8 
Figure  5.17.  Average percent  of  f lying time t h a t  a g iven  number o f  a i r c r a f t  w i l l  b e  found wi th in  
a range of 8 n a u t i c a l  miles wi th  no f i l t e r i n g  a n d  w i t h  c l o s i n g  v e l o c i t y  f i l t e r i n g .  
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Figure  5.18. Average percent of f lying time t h a t  a given number of a i r c r a f t  w i l l  be  found within 
a range of 10 n a u t i c a l  miles w i t h  no f i l t e r i n g  and w i t h  c l o s i n g  v e l o c i t y  f i l t e r i n g .  
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Figure  5.19. Average percent  of  f lying time t h a t  a g iven  number o f  a i r c r a f t  w i l l  be  found wi th in  
a range of 1 2  n a u t i c a l  miles w i t h  no f i l t e r i n g  a n d  w i t h  c l o s i n g  v e l o c i t y  f i l t e r i n g .  
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Figure 5.20. Average percent of f l y i n g  time t h a t  a given number  of a i r c r a f t  w i l l  be found 
a range of 15 n a u t i c a l  miles with no f i l t e r i n g  and w i t h  c l o s i n g  v e l o c i t y  f i l  
wi th in  
t e r i n g  . 
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Figure 5.21. Average percent of f l y i n g  time t h a t  a g iven  number  of a i r c r a f t  w i l l  be  found within a 
range of 20 n a u t i c a l  miles w i t h  no f i l t e r i n g  and w i t h  c l o s i n g  v e l o c i t y  f i l t e r i n g .  
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Figure 5.22. Average percent of f lying time t h a t  a given number of a i r c r a f t  w i l l  be  found within 
a range of 25 n a u t i c a l  miles with no f i l t e r i n g  and w i t h  c l o s i n g  v e l o c i t y  f i l t e r i n g .  
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Figure  5 . 2 3 .  Average  percent of f l y i n g  t i m e  t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  will have 
N o t h e r  a i r c r a f t  s i m u l t a n e o u s l y  d i s p l a y e d  w i t h i n  a r ange  va lue  g iven  a long  
t h e  h o r i z o n t a l  a x i s  f o r  T < 240 secs .  d i sc r imina t ion .  
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Figure  5.24.  Average percent of f l y i n g  time t h a t  a randomly s e l e c t e d  a i r c r a f t  w i l l  have N o the r  
a i r c ra f t  s imu l t aneous ly  d i sp layed  wi th in  a range  va lue  g iven  a long  the  hor izonta l  
axis f o r  T < 180 secs .   d i scr imina t ion .  
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F igu re  5.25. Average  percent of f l y i n g  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  w i l l  have N 
o t h e r  a i r c r a f t  s i m u l t a n e o u s l y  d i s p l a y e d  w i t h i n  a r ange  va lue  g iven  a long  the  
h o r i z o n t a l  a x i s  f o r  T < 120  secs .  d i sc r imina t ion  
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Figure  5 - 2 6 .  Average percent of f l y i n g  t i m e  t h a t  a g iven  number o f  a i r c r a f t  w i l l  b e  found w i t h i n  
a range of 5 n a u t i c a l  miles w i t h  no f i l t e r i n g  and with Tau f i l t e r i n g .  
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Figure 5.27. Average percent of flying time.. t h a t  a given number of a i r c r a f t  w i l l  b e  f o u n d  w i t h i n  
a range of 8 n a u t i c a l  miles w i t h  n o  f i l t e r i n g  a n d  w i t h  Tau f i l t e r i n g .  
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Figure 5.28. .Awerage p e r e e n t  of. f l y i n g  tlime t h a t  a g i v e n  number of a i rcraf t  w i l l  be found within 
.a r.ange of . l O . . n a u t i ~ l : m i l e s  w i t h . . n o  f i l t e r i n g  a n d  w i t h  Tau f i l t e r i n g .  
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Figure  5.29. Aver .age percent’  of f l y i n g  time that. a . g i v e n  n u m b e r  o f  a i r c r a f t  w i l l  be found within 
a r a n g e  of 1 2  nautical miles w i t h  n o  f i l t e r i n g  and w i t h  Tau f i l t e r i n g .  
RRNGE= 15 
NUtlBER OF Fl1RCRFIF.T NITHJN GIVEN RFlNGE 
Figure 5.30. Average  pe rcen t  o f  f l y ing  txme t h a t  a g iyen  number  of a i r c r a f t  will he found within' 
a r a n g e  of 15 n a u t i c a l  miles wi th  no f i l t e r i n g  and w i t h  Tau f i l t e r i n g .  
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Figure  5.31. Average-percent ' .  of . f l y i n g . - t i m e  t h a t  a .given number of a i r c r a f t  w i l l  be  found  wi th in  
a r ange  of 20 n a u t a c a l  miles wi th  no f ' i f t e r i n g  a n d  w i t h  Tau f i l t e r i n g .  
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Figure 5.32. Average percent o f . f l y i n g  rime that  a giwen number of  aircraft  will be found within 
a range of 25 naut ica l  miles with  no f i l t e r i n g  and with Tau f i l t e r i n g .  
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F igu re  5 . 3 3 .  Average  percent of f l y i n g  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  w i l l  have N o t h e r  
a i r c r a f t  s i m u l t a n e o u s l y  d i s p l a y e d  w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  
axis f o r  T < 180   s ecs .   d i sc r imina t ion .  m 
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Figure  5 . 3 4 .  Average percent of f l y i n g  time t h a t  a r andomly  se l ec t ed  a i r c ra f t  w i l l  have N o t h e r  
a i rc raf t  s imul taneous ly  d isp layed  wi th in  a r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  
axis f o r  T < 60 secs. d iscr imina t ion .  m 
RRNGE=5 
NUMBER OF HIRCRRFT WITHIN GIVEN RHNGE 
Figure  5.35. Average  percentage of f l y i n g  time i n  t h e  t e r m i n a l  area vs. number of a i r c r a f t  
observed  wi th in  a range of 5 n. m i .  Curves are g i v e n  f o r  no f i l t e r i n g  and 
for  Modif ied  Tau < 180 and 60 seconds.  
RFINGEz8 
Figure 5.36. Average percentage of flying time in  the terminal area vs. number of aircraft 
observed within  a range of 8 n.  mi. Curves are given for no filtering and 
for Modified Tau < 180 and 60 seconds. 
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I 
Figure 5.37. Average percentage of flying time i n  t h e  t e r m i n a l  area vs. number of a i r c r a f t  
observed within a range of 10 n. mi. Curves are g iven  fo r  no f i l t e r i n g  and 
f o r  Modified Tau < 180 and 60 seconds. 
RfINGE= 12 
Figure 5.38. Average percentage of f l y i n g  time i n  the terminal area vs. number of a i r c r a f t  
observed within a range of 1 2  n. m i .  Curves are g iven  fo r  no f i l t e r i n g  and 
f o r  Modified Tau c 180 and 60 seconds. 
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Figure 5.39. Average percentage of f l y i n g  time i n  t h e  t e r m i n a l  area vs .  number of a i r c r a f t  
observed within a range of 15 n. m i .  Curves are g iven  fo r  no f i l t e r i n g  and 
f o r  Modified Tau < 180 and 60 seconds. 
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Figure 5.40. Average percentage of flying time in  the  t e rmina l  area vs.  number of a i r c r a f t  
observed within a range of 20 n. m i .  Curves are g iven  fo r  no  f i l t e r ing  and 
f o r  Modified Tau < 180 and 60 seconds. 
! 
RHNGE=25 
Figure 5.41. Average percentage of f l y i n g  time i n  t h e  t e r m i n a l  area vs. number of a i r c r a f t  
observed within a range of 25 n. mi. Curves are g iven  fo r  no f i l t e r i n g  and 
for Modified Tau < 180 and 60 seconds. 
6.0 ARTS I11 DATA  BASE 
With t h e  c o o p e r a t i o n  o f  t h e  F e d e r a l  A v i a t i o n  A d m i n i s t r a t i o n ,  
r a d a r  t a p e s  f r o m  t h e  r a d a r  a t  t h e  Miami a n d  A t l a n t a  t e r m i n a l  areas were 
ob ta ined .   T imes   and   da t e s  of t h e  d a t a  t a p e s  are as fo l lows:  
Table  6.1 Radar Data Obtained 
Data Date 
A t l a n t a  #1 1/5/82 04:50P-l1:41A 27.3 
At lan ta   #2   1 /6 /82  11:53A-O5:50P 31.6 
Miami #1 12/17/81 11:44A-O3:12P 34.6 
Miami #2 12/18/81 11:29A-O2:57P 29.5 
At lan ta   S im(for   compar is ion)   24 .9  
- Time  (E.S.T.)  Avr. A/C per r a d a r  s c a n  "
These times o f  day  gene ra l ly  r ep resen t  busy  pe r iods  a t  t h e  two 
t e r m i n a l  areas. 
Data s e l e c t e d  f o r  a n a l y s i s  c o n s i s t e d  o f  a two hour period 
(1800 s c a n s )  s t a r t i n g  a t  t he   beg inn ing  time o f   t h e   d a t a   t a p e s .   T h e  two 
hour  per iod was c h o s e n  t o  b e  c o n s i s t e n t  w i t h  t h e  s i m u l a t e d  d a t a  r u n s  
d i s c u s s e d  i n  S e c t i o n  3.0. 
The d a t a  t a p e s  o b t a i n e d  f r o m  t h e  ARTS r a d a r  ( d a t a  e x t r a c t i o n  
t a p e s )  are w r i t t e n  i n  a n  e x t r e m e l y  c o m p l e x  f o r m a t  c o n s i s t i n g  of packed 
d a t a  i n  v a r i o u s  30 b i t  words. An example  of   the  format   and raw d a t a  
s t o r a g e  i s  shown i n  F i g u r e  6.1 Several   computer   programs were w r i t t e n  
by  RTI p e r s o n n e l  t o  d e c o d e  t h e  d a t a  a n d  e x t r a c t  t h e  p e r t i n e n t  
i n f o r m a t i o n   f o r   f u r t h e r   a n a l y s i s .   T h e s e   p r o g r a m s   i n c l u d e d :  
1. A t a p e  dump program t o  examine   the  raw d a t a  o n  t h e  t a p e s .  
2.  A d i a g n o s t i c   p r o g r a m   w h i c h   e x t r a c t e d   t h e   p e r t i n e n t   d a t a  
b locks  and  de te rmined  the  number of words i n  v a r i o u s  b l o c k s  a n d  
a l s o  p r i n t e d  o u t  a i rc raf t  t r a c k  n u m b e r s ,  t r a c k  i n i t i a t i o n  times, 
t r a c k  s t o p  time a n d   t r a c k   d u r a t i o n .  An example of t h e  o u t p u t  o f  
t h e  d i a g n o s t i c  p r o g r a m  i s  shown i n  F i g u r e  6 . 2 .  
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3 .  An i n i t i a l  e d i t o r  which  decoded  the raw d a t a  t a p e  a n d  s o r t e d  
t h e  t i m e - o r d e r e d  d a t a  i n t o  s c a n  p e r i o d s  u s i n g  a n  a l g o r i t h m  b a s e d  
on computer time a n d  r e l a t i v e  a z i m u t h  from t h e  r a d a r .  
4 .  A f i n a l  e d i t o r  w h i c h  c h e c k e d  a n d  r e f i n e d  t h e  s c a n - s o r t ,  
removed d u p l i c a t e  a i rc raf t  i n  a scan, removed a i rc raf t  n o t  
t r a c k e d  f o r  more t h a n  o n e  s c a n  a n d  r e f o r m a t t e d  t h e  d a t a  for  t h e  
s t a t i s t i c a l  ana lys i s  p rogram.  
The d a t a  o n  t h e  ARTS t a p e  is  a c o n t i n u o u s  stream of  da t a  as i t  i s  
r e c e i v e d   f r o m   t h e   r a d a r   d a t a   p r o c e s s o r .   F o r   a n a l y s i s   p u r p o s e s ,  i t  was 
necessa ry  t o  b r e a k  t h e  a i r c ra f t  t r a c k i n g  d a t a  i n t o  s c a n  i n t e r v a l s  t o  be 
c o n s i s t e n t   w i t h   t h e   f o r m a t  of the   da t a   ana lys i s   p rog rams .   Hence ,  two 
e d i t i n g  p r o g r a m s  were w r i t t e n  t o  i n c o r p o r a t e  a s c a n  s e l e c t i o n  a l g o r i t h m  
which  de tec t ed  the  a i r c r a f t  i n  a s i n g l e  r a d a r  s c a n  a n d  s e p a r a t e d  t h e  
d a t a  i n t o  b l o c k s  r e p r e s e n t i n g  o n e  s c a n  i n t e r v a l  p e r  b l o c k .  Each d a t a  
t a p e  was p r o c e s s e d  t h r o u g h  t h e  e d i t i n g  p r o g r a m s  r e s u l t i n g  i n  a d a t a  t a p e  
fo rma t t ed  similar t o  t h e  s i m u l a t e d  d a t a  t a p e  a n d  c o n t a i n i n g  d a t a  as 
shown i n  F i g u r e  6 . 3  T h e s e  d a t a  were t h e n  p l a c e d  i n  a c o n s i s t e n t  f o r m a t  
f o r  t h e  s t a t i s t i c a l  a n a l y s i s  p r o g r a m  a n d  t h e  d a t a  a n a l y z e d  as desc r ibed  
i n  S e c t i o n  4.0.  
The t r a f f i c  d e n s i t y  o v e r  t h e  two hour  per iod  ana lyzed  was ca l cu -  
l a t e d  f o r  e a c h  d a t a  t a p e  a n d  i s  shown i n  T a b l e  6.1 as t h e  a v e r a g e  number 
o f   a i r c r a f t   t r a c k e d   p e r   r a d a r   s c a n .  An i n d i c a t i o n   o f   t h e  t r a f f i c  
dens i ty   can   be   s een  from F i g u r e s  6.4 th rough 6.7. T h e s e   p l o t s  are 
similar t o  F i g u r e  3 . 2  i n  t h a t  t h e  p o s i t i o n  of t h e  a i r c r a f t  i n  t h e  d a t a  
se t  were p l o t t e d  a t  a p p r o x i m a t e l y  f o r t y  s e c o n d  i n t e r v a l s .  A s  may b e  
s e e n ,  t h e  a c t u a l  r a d a r  d a t a  are less o r d e r e d  t h a n  t h e  s i m u l a t i o n  d a t a  o f  
F igu re   3 .2 .  It s h o u l d   b e   r e c a l l e d   t h a t   t h e   s i m u l a t i o n   d a t a   d o e s   n o t  
i n c l u d e  o v e r f l i g h t s  o r  a i r c r a f t  o p e r a t i o n s  a t  o t h e r  a i r p o r t s  i n  
t h e  v i c i n i t y  o f  t h e  t e r m i n a l  area. A s  d i s c u s s e d   i n   S e c t i o n  7 ,  t h e  
statistics f r o m  t h e  s i m u l a t i o n  a n d  t h e  r a d a r  t a p e s  a g r e e  f a v o r a b l y ,  
a l t h o u g h  i t  was e v i d e n t  t h a t  t h e  s i m u l a t e d  t r a f f i c  is more o rde red  than  
t h e  a c t u a l  r a d a r  t r a f f i c  d a t a .   F o r   t h e   A t l a n t a  case, i t  s h o u l d   a l s o   b e  
n o t e d  t h a t  t h e  same runways ( 9 L  and 9R) are  b e i n g  u s e d  i n  t h e  r a d a r  d a t a  
base as were u s e d  f o r  g e n e r a t i o n  o f  t h e  s i m u l a t e d  d a t a  b a s e .  
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a n d  S t a t u s  T i m 4  F f s l d  tlST SY UT 
S.C 
1 Time of b a t  Correlation ( i f  Ix - g1) 
Fig  6.1 Example of t h e  t e c h n i q u e  o f  d a t a  p a c k i n g  u s e d  o n  t h e  r a w  d a t a  t a p e s .  
T h e  a b o v e  r e p r e s e n t s  o n l y  a few of t h e  30 bit packed words i n  t h e  
d a t a   b a s e .  
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NUMBER OF A / C  TRACKED 
TRK NO. 
165 
23 
76 
99 
60 
20 
25 
56 
32 
19 
40 
33 
98 
41 
27 
34 
43 
29 
5 1  
46 
53 
28 
37 
69 
36 
85 
93 
147 
1 05 
18 
16 
17 
3 
5 
192 
71 
0 
1 
186 
177 
187 
193 
191 
31 
178 
176 
175 
174 
157 
141 
ACID 
N552TF 
N39R 
DL452 
PNL405 
DL444 
DL456 
AS0306 
DL 1004 
NW755 
DL 1802 
RC273 
DL559 
EA1628 
DL 1740 
DL1012 
DL1667 
DL 145 
D L 1 1 2 5  
OTIS1 1 
EA232 
0263 1 
EA289 
AS0587 
EA181 
DL1155 
DL254 
DL 1 1 8 5  
DL710 
DL131 
P I259 
RC372 
DL55 1 
N34976 
N12631 
SALTY 41 
EA976 
~ 6 7 1  G
N 60Y 
111579R 
PI291 
N897D 
N986B 
AS0904 
N13WF 
N2735R 
RC141 
DL348 
A879 
EA908 
DL 2-2 1
- - 7 4 2  
START  TIME 
78652.76 
78652.81 
78652.82 
78652.94 
7,8653.89 
78653.52 
78653.52 
78653.913 
78654.11 
78655.04 
78655.05 
78655.13 
78555.28 
76655.28 
78655.46 
78655.46 
78655.4? 
7 8 6 5 5 . 4 7  
76655.48 
76655.48 
76655.72 
78655.66 
78656.01 
78656 .82 
78656 .82 
78656.45 
78656.79 
78656.80 
78657.03 
78657.04 
78657.04 
76727.85 
7875ff.l39 
78796.18 
76823.86 
788L6.03 
76676.80 
78881.53 
78961.94 
78962.81 
76989.87 
7 982 2 .a5 
79898.2 1 
75233.16 
7924 1.34 
79275.66 
79388.6E 
79398.06 
79'95.62 
78654..70 
END TIME 
78891.32 
79055.38 
78676.28 
79189.73 
7944 1.52 
79259.04 
79780.49 
79151.44 
79352.60 
78968.97 
79871.91 
78908.30 
78856.69 
79054 .79 
78906.89 
76885.93 
78735.82 
78669.52 
79119.85 
79339.30 
79227 ..00 
7 3.Cf28.5 9 
78712.62 
79165.17 
78684.85 
79437.56 
79549.85 
79525 .73 
79717.57 
79848.96 
79296.75 
79249.73 
79834.55 
79246.02 
79863.37 
79558.31 
79918.16 
79553.49 
88P86.4 1 
79499.13 
€8285.75 
66149.80 
68181.3 1 
79683.88 
79949.89 
78887.45 
78772.13 
78977.92 
7866.8. a8 
~8672.98 
238.56 
402.56 
23.38 
154.51 
536.63 
788 .OO 
605.52 
1126.59 
497.33 
697.91 
313.93 
416.87 
117 .OO 
253.02 
201.41 
399.33 
253.43 
150.46 
7 9 . 5 5  
322.45 
14.85 
464.13 
683.44 
4.07 
578.98 
56.16 
588.68 
28 . 0 5  
768.53 
892.81 
868.69 
969.72 
298.87 
580.57 
428.87 
988.52 
1794.19 
364.46 
981.43 
995.50 
920.31 
631.45 
988.20 
265.97 
964.41 
873.34 
728.63 
296.81 
453.47 
364.58 
Fig 6.2 Example of o u t p u t  of a p o r t i o n  of t h e  t a p e  d i a g n o s t i c  p r o g r a m .  T h e  t r a c k  
number, I D ,  s t a r t  time, end time, and d u r a t i o n  are  p r o v i d e d  f o r  e a c h  a i r c r a f t  
t r a c k e d  b y  t h e  r a d a r  (742  A/C f o r  t h e  a b o v e  d a t a )  . 
70 
3 3 1  1 1  
1 11.77 2.451'265. 78666.13 10 1 19.7-250.4 
2 40.61 9.47'354. 78666.14 10 1 423.8  -13.8 
3  22.70 18.13L.292. 78666.39 2 1-38B.8 -95.4 
4  34.86 31.353.320. 78666.40 2  1-228.0-242.7 
5 30.91 24.55::345. 78666.40 2  1-277.8-223.2 
6 1.74 2.55: 37. 78666.54 10 1 73.4 173.8 
7 12.67 21.30':'147. 78666.83 12 1 70.7 273.1 
8 8.88 23.264095. 78666.86 3 0 -42.5 150.6' 
10 3.09 36.58-150. 78666.98 10 1 122.1 165.6. 
11-16.93 21.05  275. 78667.56 2 1 147.9-234.7 
12 -4.81 5'.91:272. 78667.56 2 1 120.4-150.8 
13 -9.50 5.98' 64. 78667.91 10 1-181.2 54.4 
14  -5.00  0.07:  258. 78668.15 2 1 -3Ll.0-169.2 
15-23.68-23.62.265. 78668.73 2 1 298.8 13.4 
16 -4.18  -7.32.  66. 78669.06 2 1 12.2-184.8 
17  -6.39-15.82. 82. 78669.20 2 1 20.0.1 31.6 
18 -0.83-31.81.688. 78669.28 10 1-235.6-310.1 
19 -1.25-11.001  57. 78669.32 2 1 213.4 -0.2 
20 0.09 -9.21 56. 78669.50 2 1 43.1 176.4 
21 2.67-19.51  87. 78669.51 2 1-174.1 -34.6 
22 1.34-13.121 80. 78669.51 2 1-188.D 11.2 
23 1.02 -7..231 57. 78669.51 2 1 -13.6  218.5 
24 0.17 -3.84.. 32. 78669.52 2 1 -1.4 155.6 
25  -0.01-32.85-326. 78669.52 13 1-168.4 -93.8 
26 0.17 - 1 . 1 1  18. 78669.52 2 1 -2.3 134.1 
27  8.39-16.98.:115. 78669.76 2  1-163.6  -75.0 
28  16.55-18.34.144. 78669.98 2  1-174.6  200.8 
29 4.96 -4.663112. 78670.09 2 1 -13.2-177.0 
3 0  10.78  -9.82.'.337. 78670.09 10 1 -13.6-318.5 
32 39.62  -3.67'388. 78670.53 10 1 338.0-126.5 
9 15.78 39.64.-357.  78666.86 1.0 1 252.8 330.1 
I n i t i a l  Numbers : 
Columns : 1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
1 Scan  number 
2 No of A / C  t h i s   s c a n  
3 Tape  number 
4 C o n s t a n t   v a l u e  = 1 
TRACK I D  (Computer assigned) 
X coord.  (nm) 
Y coord.  (nm) 
ALT/100 (f t )  
TIME ( s e c s )  
Arrival/departure/overflight code 
Mode C s t a t u s  
X v e l o c i t y  ( k t s )  
Y v e l o c i t y  ( k t s )  
AZ f rom rada r  (Deg) 
12. 
13. 
38. 
42. 
38, 
56. 
59. 
69. 
68. 
85. 
129. 
129. 
148. 
179. 
225. 
240. 
248. 
256. 
263. 
271. 
278 * 
276. 
278. 
272. 
270. 
279. 
296. 
312. 
317. 
318. 
355. 
F i g u r e  6 . 3  Example   o f   one   scan   of   ed i ted   da ta   f rom  radar   t apes .   The  
d a t a  are o r g a n i z e d  i n t o  b l o c k s ,  e a c h  of which are  t h e  a i r c r a f t  
a p p e a r i n g  i n  a r a d a r  s c a n .  
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Figure  6 . 4  Plot of A t l a n t a  #1 d a t a  se t .  The p o s i t i o n  of e a c h  a i r c r a f t  in a scan  
i s  p l o t t e d  a t  a p p r o x i m a t e l y  40 s e c o n d  i n t e r v a l s  o v e r  a two hour pe r iod .  
w 
. .  
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F i g u r e  6.5 P l o t  of A t l a n t a  #2 d a t a  set. The p o s i t i o n  o f  e a c h  a i r c r a f t  i n  a scan  
,is P l o t t e d  a t  approximately 40 s e c o n d  i n t e r v a l s  over a two hour  per iod.  
- - .  . .  
r t  
" ' .  
Figure  6.6 P l o t  of Miami #1 da-ta se t .  The p o s i t i o n   o f   e a c h   a i r c r a f t . - i i i  a scan  i s  p l o t t e d  
a t  approx ima te ly  40 s e c o n d  i n t e r v a l s  o v e r  a two hour  pe r iod .  
. -  

7.0 EVALUATION  OF  SELECTION  CRITERIA USING ARTS I11 DATA 
7 .1   Ta rge t s   D i sp layed   w i th  No Disc r imina t ion .  
A s  d i s c u s s e d  i n  S e c t i o n  6, t h e  a c t u a l  r a d a r  t raff ic  d a t a  were s u b j e c t e d  
t o  a n a l y s e s  as d e s c r i b e d  i n  S e c t i o n  4. Histograms were g e n e r a t e d  t o  i n d i c a t e  
t h e  p e r c e n t a g e  of f l y i n g  time (or p r o b a b i l i t y )  t h a t  a randomly  se lec ted  a i rc raf t  
would  observe  from 1 t o  10 s imul taneous  a i rcraf t  w i t h i n  a g iven  r ange .  F igu res  
7 .1  through 7.4 show p r o b a b i l i t y  d i s t r i b u t i o n s  of t h e  p r o b a b i l i t y  t h a t  a random- 
l y  s e l e c t e d  aircraft  from t h e  d a t a  b a s e  w i l l  have a t  l eas t  o n e  o t h e r  a i rc raf t  
w i t h i n  t h e  r a n g e  b i n s  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s .  T h e s e  p l o t s  were made 
f o r  A t l a n t a  t a p e s  #1 and #2 and Miami t a p e s  #1 and #2. T h e s e  p l o t s  c a n  b e  
c o m p a r e d  w i t h  t h e  s i m u l a t e d  d a t a  g i v e n  i n  F i g u r e  5.1. As may b e  s e e n ,  t h e  
actual  r a d a r  t r a f f i c  t a p e s  i n d i c a t e  a p r o b a b i l i t y  d i s t r i b u t i o n  of t h e  same shape  
b u t  w i t h  g r e a t e r  v a r i a n c e  t h a n  was o b t a i n e d  i n  t h e  s i m u l a t e d  data .  T h i s  i n d i -  
cates t h a t  t h e  s i m u l a t e d  d a t a  was somewhat  more densely packed and more c l o s e l y  
c o n t r o l l e d  t h a n  t h e  a c t u a l  t r a f f i c  o n  t h e  r a d a r  t a p e s .  
F igure  7 .5  through 7 .8  show a v e r a g e  p e r c e n t a g e  o f  f l y i n g  time t h a t  a 
randomly  se lec ted  a i rc raf t  w i l l  have  another  a i rc raf t  s imul t aneous ly  d i sp layed  
w i t h i n  a r ange  va lue  as g i v e n  a l o n g  t h e  h o r i z o n t a l  a x i s  f o r  n o  d i s c r i m i n a t i o n .  
T h e s e  f i g u r e s  may be  compared  with  Figure 5.5 w h i c h  p l o t s  s i m u l a t e d  d a t a .  I n  
t h e  s i m u l a t e d  d a t a ,  t h e  c l o s e s t  a i r c ra f t  ( N = l )  appea red  wi th in  smaller r ange  
v a l u e s  f o r  a l a r g e r   p e r c e n t a g e   o f   t h e  time. F o r  f i v e  o r  more s imul t aneous  
a i r c r a f t  w i t h i n  a g iven  r ange ,  t he  s imula t ed  and  ac tua l  da t a  compare  ve ry  
f a v o r a b l y .  
As an example of i n t e r p r e t i n g  t h e  d a t a  g i v e n  i n  F i g u r e  7 . 5  t h r o u g h  7 . 8 ,  
cons ide r   F igu re   7 .5 .   Us ing   t h i s   cu rve ,  i t  is p o s s i b l e  t o  make s t a t e m e n t s   s u c h  
a s  " fo r  a CDTI r a n g e  s e t t i n g  of 10 n a u t i c a l  miles, t h e r e  w i l l  be  approximate ly  
10 a i r c r a f t  obse rved  s imul t aneous ly  3% of t h e  time, 5 a i rc raf t  will be observed 
s imul t aneous ly  approx ima te ly  23% o f  t h e  time, and one a i r c r a f t  approx ima te ly  75% 
o f  t h e  time, u n d e r   t h e   c o n d i t i o n s   e x i s t i n g   i n   t h e   d a t a   b a s e . "   T h e  time p e r i o d  
refers t o  t h e  time u n d e r  r a d a r  t r a c k  i n  t h e  t e r m i n a l  area. 
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7.2   Disp lays   Wi th   Al t i tude   Discr imina t ion .  
Figure 7.9 through 7.12 show t h e  effect  of u s i n g  a l t i t u d e  d i s c r i m i n a -  
t i o n  w i t h  p l u s  o r  m i n u s  1,000 f o o t  a l t i t u d e  b a n d s  u s e d  f o r  d i s c r i m i n a t i o n .  A 
p l o t  is shown f o r  e a c h  o f  t h e  f o u r  d a t a  se ts  ana lyzed .  
F igu re  7 .13  th rough  '7.16 show similar c u r v e s ,  e x c e p t  i n  t h i s  case, a 
p l u s  or  m i n u s  2 , 0 0 0  f o o t  a l t i t u d e  b a n d  i s  used for  d i s c r i m i n a t i o n .  As may be 
s e e n ,  a l t i t u d e  d i s c r i m i n a t i o n  i s  v e r y  e f f e c t i v e  i n  r e d u c i n g  t h e  n u m b e r s  o f  
a i r c r a f t  o b s e r v e d  a t  a g i v e n  r a n g e  s e t t i n g .  
S i n c e  a i r c ra f t  t end  t o  f l y  a t  e v e n  a l t i t u d e s ,  i t  may be b e t t e r  t o  u s e  
uneven a l t i t u d e s  f o r  d i s c r i m i n a t i o n  t o  p reven t  a i r c ra f t  from popping i n  and  ou t  
o f  t h e  d i s p l a y  when t h i s  d i s c r i m i n a t i o n  f e a t u r e  i s  used.  To i n v e s t i g a t e  t h i s  
case, t h e  p l o t  shown i n  f i g u r e  7.17 was gene ra t ed  t o  show t h e  e f fec t  o f  p l u s  o r  
m i n u s  2 , 5 0 0  f o o t  a l t i t u d e  d i s c r i m i n a t i o n  u s i n g  t h e  A t l a n t a  #1 d a t a  b a s e .  By 
c o m p a r i n g  t h i s  f i g u r e  w i t h  f i g u r e  7 . 1 3 ,  i t  may b e  s e e n  t h a t  t h e  s ta t i s t ics  d i d  
n o t   c h a n g e   s i g n i f i c a n t l y  when t h e  a l t i t u d e  band was i n c r e a s e d .   F o r   t h i s   r e a s o n ,  
i t  is  f e l t  t h a t  t h e  s ta t i s t ics  g e n e r a t e d  f o r  p l u s  o r  m i n u s  1,000 fee t  and  p lus  
or  minus  2 ,000  fee t  w i l l  a l s o  a p p l y  if these  bands  are  i n c r e a s e d  by 500 f ee t .  
7 . 3 .  C l o s i n g  V e l o c i t y  D i s c r i m i n a t i o n .  
F igu res ' 7 .18  th rough  7 .21  show t h e  effect  o f  e l i m i n a t i n g  t h o s e  a i rc raf t  
t h a t  are  n o t  c l o s i n g  o n  t h e  o w n s h i p .  T h i s  d i s c r i m i n a t e  d o e s  p r o v i d e  s i g n i f i c a n t  
r e d u c t i o n  i n  t h e  number of a i r c r a f t  d i s p l a y e d ,  a l t h o u g h  n o t  a s  e f f e c t i v l y  as 
a l t i t u d e  d i s c r i m i n a t i o n .  A s  may b e  s e e n ,  c l o s i n g  v e l o c i t y  f i l t e r i n g  a p p e a r s  t o  
be more e f f e c t i v e  a t  l a r g e r  r a n g e  scale s e t t i n g s  a n d  for  la rger  numbers  of  
a i r c ra f t  w i t h i n  a g iven  r ange ,  as was t h e  case w i t h  t h e  s i m u l a t e d  d a t a .  
7.4  Time-To-Closest-Approach  Discrimination. 
S i n c e  t h e  a n a l y s i s  o f  t h e  s i m u l a t e d  d a t a  d i s c u s s e d  i n  S e c t i o n  5 i n d i -  
ca t ed  tha t  t ime- to -c loses t - approach  d i sc r imina t ion  and  mod i f i ed  t ime- to -c loses t -  
a p p r o a c h  d i s c r i m i n a t i o n  was n o t  a s t r o n g  f u n c t i o n  o f  t h e  r a n g e  s e t t i n g  o n  t h e  
CDTI, d a t a  f o r  t h i s  d i s c r i m i n a t e  h a s  b e e n  p r e s e n t e d  i n  F i g u r e s  7 . 2 2  t h r o u g h  7 . 2 5  
i n  a s l i g h t l y  d i f f e r e n t  f o r m  t h a n  was u s e d  i n  S e c t i o n  5.0. T h e s e  f i g u r e s  show 
t h e  v a l u e s  o f  T a u  t h a t  w o u l d  b e  o b s e r v e d  i n  a randomly  se lec ted  a i r c ra f t  us ing  
n o   o t h e r   d i s c r i m i n a t i o n .   C u m u l a t i v e   d i s t r i b u t i o n   p l o t s  are  shown f o r  1 through 
10 s imul t anebus  a i r c ra f t .  
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A s  an  example of i n t e r p r e t i n g  t h e s e  p l o t s ,  c o n s i d e r  F i g u r e  7.22. T h i s  
p l o t  i n d i c a t e s  t h a t  i f  a Tau  d i sc r imina te  were used i n  t h e  o w n s h i p  a i r c ra f t ,  and 
i f ,  f o r  exampie, i t  were s e t  a t  200 seconds ,  there  would  be  seven  a i rcraf t  
obse rved  s imul t aneous ly  wi th  less t h a n  t h i s  v a l u e  of Tau approximately 4% of t h e  
time. There  would be  one  aircraft  observed   wi th  less t h a n  t h i s  v a l u e  of Tau 
approximately  75% of t h e  time. Note a l so  t h a t  t h e s e  c u r v e s  i n d i c a t e  a s e v e r e  
false alarm problem f o r  alarm sys tems based  on  the  Tau  parameter  un less  some 
o the r  fo rm of d i s c r i m i n a t i o n  is  used. 
F i g u r e s  7 . 2 6  t o  7 . 2 9  show p l o t s  similar t o  those  d i scussed  above  excep t  
t h a t  a l t i t u d e  d i s c r i m i n a t i o n  o f  +/-2000 f t .  is  used.  A s  may b e  s e e n ,  t h e  
d i s c r i m i n a t i o n  p r o v i d e d  by the Tau parameter  is grea t ly  improved .  
7.5  Modified  Time-To-Closest-Approach  Discrimination. 
C u m u l a t i v e  d i s t r i b u t i o n  similar t o  t h o s e  p r o v i d e d  a b o v e  are g i v e n  f o r  
t h e  m o d i f i e d  Tau  parameter i n  F igu re  7 .30  th rough  7 .33 .  P lo t s  showing  the  e f fec t  
of  the modified Tau parameter combined with +/-2000 f t .  a l t i t u d e  d i s c r i m i n a t i o n  
are g iven  in  F igs  7 .34  to  7 .37 .  Fo r  the  mod i f i ed  Tau  d i sc r imina te ,  t he  a l lowed  
a c c e l e r a t i o n   p a r a m e t e r  was 1 / 4  g (see s e c t i o n  2 .5) .  
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F igu re  7 . 1  Histogram of the  ave rage  pe rcen tage  of f l y i n g  time t h a t  a randomly  selected 
a i r c r a f t  w i l l  have a t  l e a s t  o n e  o t h e r  a i r c r a f t  w i t h i n  t h e  r a n g e  b i n s  shown 
a l o n g   t h e   h o r i z o n t a l   a x i s .  No d i s c r i m i n a t i o n  is  used .   A t l an ta  #l d a t a .  
00 r 
r ! P '  
T-l 
Figure  7.2 Histogram of  the average percentage of f l y i n g  t i m e  t h a t  a randomly selected 
a i r c r a f t  w i l l  have  a t  least  one o t h e r  a i r c r a f t  w i t h i n  t h e  r a n g e  b i n s  shown 
a l o n g   t h e   h o r i z o n t a l   a x i s .  No d i s c r i m i n a t i o n  is  used .   At lan ta  //2 data. 
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Figure  7 . 3  Histogram of the  average  percentage  of f l y i n g  time t h a t  a randomly  selected 
a i r c r a f t  w i l l  have a t  least o n e  o t h e r  a i r c r a f t  w i t h i n  t h e  r a n g e  b i n s  shown 
a l o n g   t h e   h o r i z o n t a l   a x i s .  210 d i s c r i m i n a t i o n  is used. Miami 111 d a t a .  
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Figure 7.4 Histogram of the  average  percentage  of f l y i n g  time t h a t  a randomly selected 
a i r c r a f t  w i l l  have a t  least  o n e  o t h e r  a i r c r a f t  w i t h i n  t h e  r a n g e  b i n s  shown 
a long   the   hor izonta l   ax is .  Xo d iscr imina t ion  is  used. Miami f 2  data .  
Note v e r t i c a l  s c a l e  is d i f f e r e n t  from Figures 7 . 1  - 7 . 3 .  
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F i g u r e  7 . 5 A v e r a g e p e r c e n t  o f  f l y i n g  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  w i l l  have  
N o t h e r  a i r c r a f t  s i m u l t a n e o u s l y  d i s p l a y e d  w i t h i n  a r a n g e  v a l u e  g i v e n  a l o n g  
t h e   h o r i z o n t a l  axis. No d i s c r i m i n a t i o n  i s  used .   A t l an ta  111 d a t a .  
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Figure7.6.Average percent  of f l y i n g  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  
w i l l  have N o t h e r  a i r c r a f t  s i m u l t a n e o u s l y  d i s p l a y e d  w i t h i n  a 
r ange  va lue  g iven  a long  the  ho r i zon ta l  ax i s .  No d i sc r imina t ion  
i s  used .   A t l an ta  #2 da ta .  
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Figure7.7 Average p.ercent of f l y i n g  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  w i l l  have 
N o t h e r  a i r c r a f t  s i m u l t a n e o u s l y  d i s p l a y e d  w i t h i n  a r ange  va lue  g iven  a long  
t h e   h o r i z o n t a l  axis. No d i s c r i m i n a t i o n  is used. Miami ill d a t a .  
Figure  7.8 Average p ercent of f l y i n g  time t h a t  a r andomly  se l ec t ed  a i r c ra f t  w i l l  have 
N o the r  a i r c ra f t  s imu l t aneous ly  d i sp layed  wi th in  a range  va lue  g iven  a long  
t h e   h o r i z o n t a l  axis. No d iscr imina t ion  is used. Miami #2 data .  
w 
100 
W 
40 
20 
0 
0 5 10 15 20 25 50 
RELRTI VE RRNGE. I NRIJTI CRL M I  LEsj 
F i g u r e  7,gAverege p e r c e n t  of .  f l y i n g  time t h a t  a . r a n d o m l y  s e l e c t e d  a i r c r a f t  w i l l  have-N.  
o t h e r  a i r c f a f t  d i s p l a y e d  s i m u l t a n e o u s l y  w i t h i n  a r a n g e  v a l u e  a l o n g  t h e  h o r i z o n t a l  
axis. A l t i t u d e   d i s c r i m i n a t i o n  of + 1 , 0 0 0   f e e t ' .   A t l a n t a  81 d a t a .  - 
- 
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Figure   Average   percent  of f l y i n g  time t h a t  a r a n d o m l y   s e l e c t e d   a i r c r a f t  will. have  N 
axis. A l t i t u d e  d i s c r i m i n a t i o n  of + 1,000 f e e t .   A t l a n t a  fl2 d a t a .  
7-10 o t h e r   a i r c r a f t   d i s p l a y e d   s i m u l t a n e o u s l y   w i t h i n  a r a n g e   v a l u e   a l o n g . . t h e   h o r i z o n t a l  
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Figure   Average   percent  of f l y i n g  time t h a t  a r a n d o m l y   s e l e c t e d   a i r c r a f t  
7.11 w i l l  have  N o t h e r  a i r c r a f t  s i m u l t a n e o u s l y  d i s p l a y e d  w i t h i n  a 
r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  axis.  A l t i t u d e  d i s c r i m i n a t i o n  
of + 1 0 0 0   f e e t .  Miami #l d a t a .  - 
N=l 
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Figure  Average  percent  of f l y i n g  time t h a t  a randomly s e l e c t e d   a i r c r a f t  
7 .12  will have N o t h e r   a i r c r a f t   s i m u l t a n e o u s l y   d i s p l a y e d   w i t h i n  a 
r ange  va lue  g iven  a long  the  ho r i zon ta l  axis. A l t i t u d e  d i s c r i m i n a t i o n  
of f 1000 f e e t .  Miami #2 d a t a .  - 
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F i g u r e   A v e r a g e   p e r c e n t  of f l y i n g  time t h a t  a r a n d o m l y   s e l e c t e d   a i r c r a f t  
7.13 w i l l  h a v e  N o t h e r   a i r c r a f t   s i m u l t a n e o u s l y   d i s p l a y e d   w i t h i n  a 
r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  axis. A l t i t u d e  d i s c r i m i n a t i o n  
of .+  2,000 f ee t .  A t l a n t a  #l d a t a .  - 
loo[ 80
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Figure   Average   percent  of f lyFng time t h a t  a randomly  selected 
7.14 a i r c r a f t  w i l l  have N o t h e r   a i r c r a f t   s i m u l t a n e o u s l y   d i s T l a y e d   w i t h i n  
a range  va lue  given a long  t h e  h o r i z o n t a l  a x i s .  A l t i t u d e  d i s c r i m i n a t i o n  
of + 2,000 feet. A t l a n t a  # 2  d a t a .  - 
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F i g u r e  Average   percent   o f   ly ing  t i m e  t h a t  a r a n d o m l y   s e l e c t e d   a i r c r a f t  
7 . 1 5   w i l l  have N o t h e r   a i r c r a f t   s i m u l t a n e o u s l y   d i s p l a y e d   w i t h i n  a 
r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  axis.  A l t i t u d e  d i s c r i m i n a t i o n  
of + 2000 f e e t .  M i a m i  ill d a t a .  
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Figure  Average  percent of f l y i n g  time t h a t  a r andomly   s e l ec t ed   a i r c ra f t  
7.16 w i l l  have N o the r   a i r c ra f t   s imu l t aneous ly   d i sp l ayed   w i th in  a 
range  va lue  g iven  a long  the h o r i z o n t a l  axis. Al t i tude  d i sc r imina t ion  
of + 2000 f e e t .  Miami #2 d a t a .  - 
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Figure  7 .17  Average  percent  of f l y i n g  time t h a t  a r a n d o m l y   s e l e c t e d   a i r c r a f t  
w i l l  have  N o t h e r  a i r c r a f t  s i m u l t a n e o u s l y  d i s p l a y e d  w i t h i n  a 
r a n g e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  axis. A l t i t u d e  d i s c r i m i n a t i o n  
of + 2500 f e e t .   A t l a n t a  #1 d a t a .  - 
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Figure  Average p e ' rcent  of f l y i n g  time t h a t  a randomly s e l e c t e d  a i r c r a f t  
7.18 w i l l  have N o t h e r   a i r c r a f t   s i m u l t a n e o u s l y   d i s p l a y e d   w i t h i n  a range  
v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  a x l e .  C l o s i n g  v e l o c i t y  d i s c r i m i n a t i o n  
(Vc >0 )  . A t l a n t a  #l da ta .  
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Figure  Average  percent  of f l y i n g  time t h a t  a r a n d o m l y   s e l e c t e d   a i r c r a f t  
7.19 w i l l  have  N o t h e r  a i r c ra f t  s imul t aneous ly   d i sp l ayed   w i th in  a range  
v a l u e   g i v e n   a l o n g   t h e   h o r i z o n t a l   a x i s .   C l o s i n g   v e l o c i t y   d i s c r i m i n a t i o n  
( V c 7  0 ) .  A t l a n t a  #2 d a t a .  
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RELHTIVE RRNGE ( NRUTICRL MILES> 
Figure  Average  percent  of  f l y ing   t ime   t ha t  a r a n d o m l y   s e l e c t e d   a i r c r a f t  
7.20 w i l l  have N o t h e r   a i r c r a f t   s i m u l t a n e o u s l y   d i s p l a y e d   w i t h i n  a range 
va lue   g iven   a long   t he   ho r i zon ta l   ax i s .   C los ing   ve loc i ty   d i sc r imina t ion  
(Vc> 0 ) .  Miami #l da ta .  
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Figure  Average  Percent  of f l y i n g  time t h a t  a r a n d o m l y   s e l e c t e d   a i r c r a f t  
7 .21 w i l l  have N o t h e r   a i r c r a f t   s i m u l t a n e o u s l y   d i s p l a y e d   w i t h i n  a range  
v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  axis. C l o s i n g  v e l o c i t y  d i s c r i m i n a t i o n  
(Vc> 0) .  iviami #2 d a t a .  
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Figure  7.22 Average  percentage of f l y i n g  time t h a t  a randomly  selected 
a i r c r a f t  w i l l  s imultaneously observe N o t h e r  a i r c r a f t  w i t h  
a v a l u e  of t h e  Tau parameter less than  the  va lue  g iven  a long  
t h e  h o r i z o n t a l  a x i s .  No o t h e r  d i s c r i m i n a t i o n  is used. 
At lan ta  111 d a t a .  
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Figure  7.23 Average  percentage of f l y i n g  time t h a t  a randomly  selected 
a i r c r a f t  w i l l  s imultaneously observe N o t h e r  a i r c r a f t  w i t h  
a v a l u e  of t h e  Tau parameter less than  the  va lue  g iven  a long  
t h e  h o r i z o n t a l  axis. No o t h e r  d i s c r i m i n a t i o n  i s  used. 
A t l a n t a  #2 d a t a .  
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Figure  7.24 Average  percentage of f l y i n g  time t h a t  a randomly selected 
a i r c r a f t  w i l l  s imultaneously observe N o t h e r  a i r c r a f t  w i t h  
a va lue  o f  t he 'Tau  pa rame te r  less than  the  va lue  g iven  a long  
t h e  h o r i z o n t a l  a x i s .  No o t h e r  d i s c r i m i n a t i o n  is used. 
Miami 81 d a t a .  
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Figure 7.25 Average percentage of ' f lying time t h a t  a randomly selected 
~~ 
a i r c r a f t  will simultaneously observe N o t h e r  a i r c r a f t  w i t h  
a v a l u e  of t h e  Tau parameter less than  the  va lue  g iven  a long  
t h e  h o r i z o n t a l  a x i s .  No o t h e r   d i s c r i m i n a t i o n  is used. 
Miami #2 d a t a .  
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Figure  7.26 Average percent of f lying time t h a t  a randomly s e l e c t e d  a i r c r a f t  
w i l l  s imultaneously observe N o t h e r  a i r c r a f t  w i t h  a va lue  of t h e  
Tau parameter  less  than  the  va lue  g iven  a long  the  hor izonta l  axis. 
Al t i t ude  d i sc r imina t ion  of + 2000 f e e t .  A t l a n t a  fl da ta .  - 
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Figure  7.27 Average  percent  of  f ly ing  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  
w i l l  s imul taneous ly  observe  N o t h e r  a i r c r a f t  w i t h  a v a l u e  o f  t h e  
'Tau parameter less than  the  va lue  g iven  a long  the  ho r i zon ta l  ax i s .  
A l t i t u d e  d i s c r i m i n a t i o n  o f  f 2000 f e e t .  A t l a n t a  #2 d a t a .  - 
TRU I SECOI\IDSI 
Figure  7.28 Average percent  of  f lying time t h a t  a randomly s e l e c t e d  a i r c r a f t  
w i l l  s imultaneously observe N o t h e r  a i r c r a f t  w i t h  a v a l u e  of t h e  
Tau parameter less than  the  va lue  g iven  a long  the  hor izonta l  axis. 
Al t i t ude  d i sc r imina t ion  o f  + 2000 f e e t .  Miami ill da t a .  - 
r 
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0, 
F i g u r e  7.29 Average  percent  of  f ly ing  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  
w i l l  s imul taneous ly  observe  N o t h e r  a i r c r a f t  w i t h  a v a l u e  of t h e  
Tau parameter less than  the  va lue  g iven  a long  the  ho r i zon ta l  ax i s .  
A l t i t u d e  d i s c r i m i n a t i o n  o f  + 2000 f e e t .  M i a m i  #2 d a t a .  - 
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Figure 7.311 Average  percent of f l y i n g  time t h a t  a r andomly  se l ec t ed  a i r c ra f t  
w i l l  s imultaneously observe N o t h e r  a i r c r a f t  w i t h  a v a l u e  of t h e  
Modified Tau parameter less than  the  va lue  g iven  a long  the  hor izonta l  
a x i s .  No o t h e r   d i s c r i m i n a t i o n  is used.  Atlanta ill da ta .  
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Figure  7.31  Average  percent of f l y i n g  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  
w i l l  s imul taneous ly  observe  N o t h e r  a i r c r a f t  w i t h  a v a l u e  of t h e  
Modified Tau parameter less t h a n  t h e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  
a x i s .  No o t h e r   d i s c r i m i n a t i o n  is used .   At lan ta  112 d a t a .  
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Figure  7.32 Average  percent  of f l y i n g  time t h a t  a randomly s e l e c t e d  a i r c r a f t  
w i l l  s imultaneously observe N o t h e r  a i r c r a f t  w i t h  a v a l u e  of t h e  
Modif ied Tau pa rame te r  l e s s  t han  the  va lue  g iven  a long  the  ho r i zon ta l  
axis. No o the r   d i sc r imina t ion  i s  used. Miami #1 d a t a .  
F i g u r e  7 . 3 3  Average  percent  of f l y i n g  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  
w i l l  s imultaneously observe N o t h e r  a i r c r a f t  w i t h  a v a l u e  of t h e  
Modif ied 'Tau parameter less t h a n  t h e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  
axis. No o t h e r   d i s c r i m i n a t i o n  i s  used.  .Miami 112 data .  
Figure  7 . 3 4  Average  percent  of f l y i n g  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  
w i l l  s imultaneously observe N o t h e r  a i r c r a f t  w i t h  a v a l u e  of the 
Modified’l’au parameter less than  the  va lue  g iven  a long  the  ho r i zon ta l  
axis. Al t i t ude  d i sc r imina t ion  of + - 2 0 0 0 . f e e t .  A t l a n t a  81 data .  
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F i g u r e  7.35 Average  percent  of f l y i n g  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  
will s imul t aneous ly  obse rve  N o t h e r  a i r c r a f t  w i t h  a v a l u e  of t h e  
Modified Tau p a r a m e t e r  l e s s  t h a n  t h e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  
axis. A l t i t u d e  d i s c r i m i n a t i o n  of + 2000 f e e t .   A t l a n t a  # 2  d a t a .  - 
t 
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Figure  7 . 3 6  Average percent  of f l y i n g  time t h a t  a r a n d o m l y  s e l e c t e d  a i r c r a f t  
w i l l  s imul taneous ly  observe  N o t h e r  a i r c r a f t  w i t h  a va lue  of  the  
Modified Tau parameter less than  the  va ' l ue  g iven  along t h e  h o r i z o n t a l  
%is. Al t i tude   d i sc r imina t ion   o f  + 2 0 0 0 , f e e t .  Miami #I da ta .  - 
r 
N = 1  
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Figure  7 .37  Average   percentage   o f   f ly ing   t ime  tha t  a r a n d o m l y  s e i e c t e d  a i r c r a f t  
w i l l  s imul taneous ly  observe  N o t h e r  a i r c r a f t  w i t h  a v a l u e  of the  Modif ied  
Tau p a r a m e t e r  l e s s  t h a n  t h e  v a l u e  g i v e n  a l o n g  t h e  h o r i z o n t a l  axis .  
A l t i t u d e  d i s c r i m i n a t i o n  of f 2000 f e e t .  Efiaqi 8 2  d a t a .  - 
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